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t - C) 1 PRiUAILu 1 LOCiAT I t N AND DPESOR I PTIIN T hie St nowa- I I .1-t ii: srl
1. :iko Pr c) iii 1- i lcate-d in thc? te-oPrk River l3o*'ii ncc t i4m f't
tew i 1. Liui t y ,Wes-t V i ri irn ia. Thie dctmi t.tE h eh* ma i tr f I -i tI I I p

II i -i ( Ia cc I. I: t a Led aI,-Ipp fre)x i ma tLe L. y i en ii. es doe (t u hi c)iu-
WE-t's H, West Vi t ln ri 1 a aid 7-- mi le .pst ream ftrain F: air I L I-
Vi I, (-in to , whk:re the Wes-t Fot k Ri ver join,- t he lyqort River L(o hI (n
the 1v M ( nr iria V t I , i P vert - Re,?arc I aid gerer aI i ci Li i ins of Fthe
prof--l -tf I r hiwri ire the App(endix. Sci (tie.ri 10'2

1 he J3; t noa .1i I -ar Lake P'rojc.t is a nultip Ic purpouse water
t P-.o)IAir ( o pt a) icc W: w h Lhatho-r i Zed pI Ar-po'*?,- of ft tLand I:eri trol , water
11,-(1 t y rrI tr I, wa:It Er up plIy and t~ t Clt iori tat iQtical da~mtc

()i or n ii varioua; feature-, of the pr a ic t are s heI)w n in the
1- 1, Ji i x ;~ t ~i )n It(]-- I V

Q VoN5 F IOItN ALJTHiiRITY -- The -Staneewal I Jac ksoni Lake? Pr-o ect
wsAui1thort 10d i t cian ?U3,Title f I - Ft loa:)d Coretra I., o-f thre

I 1I IJ I : r ri I Ai- of a IOr-, , Pub li c La :-- -V- a pp rcavF'd 1J

Hlcivemtnb 1 ~rI by thle !vt h Cone ssco c rd esa

Iii;" II1J R )~ f HL.PCoeFT -- The par po.se aft ths t epert t I , to ri- Ir
V h P Qi P I- -, P l-vi t L ( n c) t fr t tr e- u-,ep , I-t th In p l.e ti? t i I- (- n t d,- if tLi
I- i )irid1-i t i ( inr I ind11 t tI ares -rc t.art fered diar Inia c tzni t r an t icir arid t h F

("I t hl 1 ll'ui L; t Ida pt th hrI -'inu t ure k-,i;c t h e ee ui~ned i t lore'; n

1,i P iIJFi; Hj I 1 'e -- The history oh thie S-tariewail 1JiL ktari Loke
Ir I Vc L wocuIAL d s.pan a tLme pertiod( at-) JPPtr-XLMImte LY fi~er tY year ';

be twE-'eri P 4 4 7 , when exp Iceator y exp bra-ttiri for ain Par th i m lti
cc lec tioe was performe~d, arid Ik:,whiern rarestt rt am ion caft cc-r t I onr

f ac. i ities is scheduiled far ca -.mp l et io (:r

':; ince this report dea-, I ci;lasiye ly w ith thie-: c on'; ,tact ion atf I h
dam por t ion of thie projc: t , at I ist ireg a:)t designi nemar aneda -ir id
maj or c onstruc tioni i:on tr--c to. is pree,,n ted i n the Append i x I I- - I

h i ,t . r) nor t tac)r r efert e r e (- t ai ir Ift-rIa t in c orn e -rri i ni qnthVIe r eIvenr
or Li nev per tic)d s re b ,-A tedi toI- t hi s p p o i e t

I OS SL( PE T he sccipfe at) th is re-port ca)vetrs the inrvest i ga t e arc
uit-pt va.it ions,, , Arid L rea tmee ts thajt werp relAa L ive ta es tab I is -h i enoi
.cirid t airda t i(re fnir thee- vai -is j fructures pEeej t e d f C)r t heF
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I~:~r t i Vi i ai nii a . Ff-i, t( on t r t:i- wa, -awairddt or (12 Septcaember
t. i pt i n t) work . de,.Ic i ted in thr., on!: iranc t was to

in-, t ti I A -i c nct F t a q ravi t y daJiin w it h t hes prt i. ntc i p, iLeI teat I r Ps ofc a
et rt a I L way c t on w it h s r a y wal tt ar nt e (-a b it m enrts

*~ id tt thvu 'p ii [way .,: int il.in ti ['asin w ith pa.ve
rh(rF ItitiF -ill and tF~rinirg walls_. tjnwri 4 F ,ear of the spillI way

IIvv ittn iO IIAiiewa i / th rocihI he pri]AIwcly S-oc tiori nto e
(' iAFaJIcal pt-roted s.luic e gatei, t pre-.s-teps, 'spd c r)nnic ret p

t;P V Ir t [I E, ag: a. r nOS - t hu ts.p 11 wa y -Serc t I ci ai-.c p y 1,o)n b u i 1d iJ ri art3o
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crt t ranc t was pe r t or med unde r at c iair trtac tor -urv is ed (Aual1 i t y

Cc) r: V t (i I. P-r cgriam W L t h gija, I i r y _i- stA r variic e b ( i rig4c pnt(iauc t ed t h r o ug ha
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FOUNDAf rEON EXPLORAT [ON

2-LiINVESTIGATIONS PRICR TO CONSTRU.CTIo)N Subisutr tre
irivestigationis bpegori ii 1'447 for ani earth airidj ro ftilled *a
side chartnel. smi I way, arid riot Ict. works. Sevenrteenprii i
di Lileter ar boit irig -: wete drilled for the (Jain ax is -lridJ h ut tt eonr
s.hallow .-;--iric~h d iametpt bor iris were Jr .lid i ri t hre r -, o -p(-) d
bor row areas. - ri I-.,add iti onal dr iliig wois conrdoc led toc
dje Ilirieate the sit t fcn a coricrete dJam. At that time , t wpri ty riirio
S)--i rich bur i. rigs over --eveoral al ignrmenits were dr il, Led - ri 'l'
downistream s-.ite was s-el ectc'd for the dJam arid ani add it ioalt. t i ve
.--- irich d lame ter bot rigs wetre dr il1led. I ri 1972 , drill irig of
thir ty-four tes.t . ar iiriritenwst arid twenity-cerie test
bi)r irig for arpoe right banik av.cess ro.ad was ii:ccompi ished,
i ricludirig riine -- iridiameter test bor irigs for the detailed
inispectioi oif weak s-eams arid determiriationi of founidirig elevation.is
Tri 197-cD, ani adiitiorial ri irie 6- inich diameter bnr irigs arid three
. --inich diameter bo.ringi,.s were obtained for ani extenisive rock
test irig ptrogr) 9t am. fri May V-7~ twenity-one -3- inch (diameter test
bor irigs were dr ill.ed for a Left ban Vri access road. A .u~immary of
the var ious deszigni st rerigith parameters arid stabiIi ty valiues for
the abo~ve test bor irigs.z iari be fiourid ini Desigri Memorandum Nioi.
rri 1':: :, eightt-en NXM test borinigs arid two :-iriich tioririgc, wet e
dr iled ini the dJarn airea to) i:orif it m prey ioi.-s iriformnat tori arid tce
g at h er ad d i t ioc)riai irifrirmatiiri for- designi pu11rpoe -Cri 1KE; 1 7 S the

f i ria I preP--- coari ,t r-uc t ionr e-xplo-ratory work was per formed?.' when-ri~r
NXM bor irigs-- were dJr ill ed tor fciiuridia t ion i ri fcrirat ioiri to jpho i

c. o';' i-iai br jdgeP wh ich cros-ses the West Fork River - L r)qt (-) t
S11 acit. thies e boc)r i rigqs we-r e li s t ed inr t he P1I a ris F ori ( Cori -t r i jc t ic ir i
the Dam, Vo luine E. otchr ca Dra'winigs arid Hydrography-

'2- 02 INVESTrI GAT IOJNS DI.JRI NG (-CONS1 RLWfT ION - The c ori t rar-tt f or t hc
conistruction of the dJam specified that fo I lo:w irig- the re moval cit

the overburden but pr iocr tc rock exci: va-tirii, 4-ich diame-ter
exploratory core borin-g'; would be drilled at the- dJain site (BidL-
Item 67). The iriformat-iciiitrd from t hiese- bor irigs was- used to
conifirm or adjust the tori tait e frouridirig t Levatiori giveni tor the-
inidividual dam moriol it hs. The c on trac t gave the spec it ic I mc it ic rr
for eighteeni such hrigswith the s tipla~tioDn thiat addi t icrmi i
core bor irig-s would bie J ilied i.f t- demc<J nec ssary - Thp dJr i 1 nr

for the 4-i rich dicimpetr icore tior irigis was pm-*r formed by a
siibc oritrac tcr , Crowni Prps-.ure Grout irig cit War-r i rtciri,
P e rns:,yl1vaciri i a ,

The irit ial exp Iciratory dIt i1. linc wast per formed betweeni the pet iml
iof 17 Janiuary 1 *i rid I.2 Apr il 1':7:4 dur i.rigi whic:h, tweri ty - I wim
4 - inich diametert expi citat y bhr irigs- we-t e dt ii led. Tfri idd i t i )ri t



the eighteen bar irigs .,pec: if ied in t he c oritrac t , foot i-xtp .;t bor irifgs
were drilled for- tentative Founding e levittiui in format ion :two [0
the stilling basin area, trid two in the Moniol ith 1'2 /13 a P F ._

After- evaluation o-.f the core -7a:mples obt.~ inied from)i these-
wen ty-two baorings by iORHCD, ORPFD, i..RD, arnd CE personnepl, the
corit at: tart was requested to) (iill an add Jitic.)ria1 f h ve 4- inc-h

di ,imeter cot e bar inis in the Moriol IthS121 are-a for- cddj t ioral
inforina tioni needed before se Lei t inc a fiLnal qtid for these
mono () i t his - he -.ubcnritrac tar r etur ned to the Job s.ite 'Inid

om L eplt ed the-fe f ive bor irig:s be tween 1. / September 1I-:-.4 arid L I
(1(_ tuber~p J:.-4 .

Equipment .id pro(.c edures for drilling al L the above 4-- inc h
diameter Pxp lot atinry core borings were ats foallo cws :

I) Atr-r the overburden had been removed, the corntrac tor would use
a Davioy Air- Dr iLIi to dri~l L. the nan-c or in(- portion of an

exporaorybor inig. The hiole was drilled from top of rock to the
-<piT ifird, e-levation whiere i-ore sampling was to commence by a 6-1/4
im hi 11 ameter tr P one ronck b~it - After- thie hiole was drilled to
ego ire d dcopth, tt- inc h c asing (PVC pipe) was [iser ted into the

h i: I L- .

( I The ,utw cir t rat tr would move h~ is dJr illI, a: miodel 40 Sprague arid
Heriwcood -,kid t ig , onto thie hiop Iaid core drtill to required depth.
1he core -,amflpIes wet e obta inied by using a double t The, 4 by 5 inch
t ore arr w ith i aditamorid i mpregriated icorinig bit . A f ter

i-cmpiCt inn , thie hiO I wastt bar ktilIled with tremie gIrout -

Whon t he- r(i k in Mioriiii th 12 hiad be-en e xipa.va ted to) fltitat ivye
fo~undirio (i 1ev. 10::5) , irisper tiori ioi thie fourdat(ori produced
rrmc tr ri abao t thre gen r a I ly poor fourida t ion coridi1 t ionreutig

t ti, m ai t aolI t tha t t ri--ns1vet sed thie mono I i th '-s t lcinir I t was
dec i dfd by i.JRPFD id (RD perz:.cine I thiat add i tioriaI, ore dr ill ing4
was nkec ssatr y before ai dec isiori or the f iria founding elevat inn
fom Morn i th 12 coouId be given.- Douring thie per iod 10 May 1'4-: to
14a May 1 485, subcnartractcir , H. B.- Mot t arid 'Soris, drilled five
.- in.h diametered baririgs in Monoiith 12.' At ter r eview ot thie
c o re samplIes , t he f o uriid.irig elePv atri on '85 wasE agqr eed a s am( P ep tablIe
for Monolith 12.

En conclusion , there were twerity-l;evem 4 iri h diimetered arid f ive?
t7-inr h diametered core bar irigs dr ilIled dur irig the rorist roc t ion i t
the c;tormewall Jackson Dam-

rho 1coi it inn, Jr illirig logs, arid stat ist ira i data of a-ll
Cxr' I(it ito~ry bar inqs dir illed duririg coristruc tion rare li sted in tho
Appe~nd m.x oif th i- report.-



GECA_ OGY

S -)1 REF. rUNA[ GE '-11- 'Y -The Stonewall Jackson Liake Pti ct is
loaated in the southern por tion atf the West Furtk River ainthat

s boingc- develo--ped( in the gently f7oldet d, h ichl1y d iss-.vec ted Kairiawha
;ec t iort (.f teAppa lachiari P lateauas The regional dra i rage
pat tern is predominaint ty den tritic: With su1bmaturVedelpd
tocpOgra-,phy character-ized by niar row r-idges, -. teep Val ley '-1aps rid
tim1. ted -odp lain deVptlapnrt atlogri the .;treaims.- F rcm the? ba- i~n
divide to the dam s-ite, there is a relief- of i-:bout ;-00 feet
i-xpris i.rig the upper parot of the All[egheny Format ion , all af the

t~angeau-htrid Mnoiriahela for mat ions of the- F'ernsylviarli a ";y,,-tem
id the t aa D'irikard format ion o~f the Pe-rmiari System.

Maljut ' tut'71a1. features within this 8E43" s.qu-arer mile river basin
are the-- Wail Suim it , Chestriu t Ridge arnd or lando) an t irlines and the
hirnostar, Gr asslarid, Robinson, arnd Roanoke syic Iiries. See

Append ri x II)-2ta Rtagionrci Geologic Maps.-

"'2 IE 5EL - Thl, elevat ioni of the West Far ~k River- at the
dJm -t in£ te Et? r c oristruct ori was W.15 feet (m .sA-I- ) The-si
I ()v(- a-t the damlI~ s7ite' cririsi sted of l eari clays a=.rid sandy sls
w iffh vtr y ing. -1nlnAirit osaf rack fragmert;. SoilI thickripss at the

>-i te s r tt i v i-L y t h in , ra ngqingi f rom f iv E ton t h irty fe et w it h
the fI load p. 1 i.ri hayt ing the th ir kest r over ov er bedro k-( i ri the tarmil

:t an mix t ti t a t IIuv i ar(id Cal 0u1.IVi ali deposi ts

- ~t BDoKS FRIJCTLJRE - The at~t i rude at the bedroc:k at the; dam
it e is theF rEs ulIt anrt o)f th ree fa(tc- t ars. F irst, tarid mast
pr am irinerri t , is, t he P ppr ,c)x ima telIy f i ve pert-c:ri t ecaialI d ip , from(:il
he right -ibutmerit to the left abutment , towar ds the az-xis of thk-

Rcric *ke syncilIine lorcated about. 0.4 in iles west of the dJamin t
Second is the general flat teniirg azcross the r iver vail Iy fluar
PPesultirig fr-om the at )(k strv.ti-irci rebound due to -,tress rt tef
that occurs with uri iriadirig by ercisiori rhir d ly is the Vat i Able
inclinations assoc ia ted with lcal izid, minoar warping- at the-i
bedrock.

The thin to msiebedded, s-edimentary r-ocks at the dam site
ear -ted-f re tative ly typical to thc above (arc t iv I t iEs . V h at I. 'S

unider i I orig per iod oif s.t tE-ss , the fine gr4P-ai riePd Prcr k s ( c Itay ,t orie
iri siI.V .ar's)can farm elast. ticallIy where as those urm its that had,

,t --indy ma-tr ix , -id thus mare rigid, tend to fatilI. The res-- ultrit
-jlri t arid frar trire patt~erri were o.bServed durting rot k ext ava t ion in

il mos t levervy - aidy fcrmaticon encountered. These pattetrs rangeilfd
frinmr cn--;( f-ri c fnturn- spiared with variable orieritatioi e
rid i VI tJ It1 , llm 11oral it Li rid apput t c-riarii Resz deta i I t rta ot



s-pec i firc or ien ta t i cm A I c), r ela t iveF t o trt-e a ( v,_1 I y
develIopmen t, sh eet j0 r)i nt irigq was prePval en t. neari~ th rohitc k .utr tai: ko
the sandy members th~;itt wetre l ocated in both abuitmenits-

(Oe bedrock st r ic tore fa toire thait was: pr edomimn it th r i:)iqhiut the
r ork e4 xcava tion WZJr e ws v idenre of) shear mr'q a long bedili
p) ta-nos- .r h is-. w, t-- e' ~p ec( L I ly rict i c ea b.l.ef w h en t h(2r e w .a si--ih ar P

o r t t a%-- t i.r r iat or.1 ( ( (u1 mp c i t i o)n oft -td aii:tcerin t b eds T ( e-: ,p (. i a. 11 y
.adtneulaystorie) -Ba s i c a I Ity , thes.-e -.hear zonps dii: ta ted the-

f inal froundirng elevat ion o-f the individuail monioliths.

1wc itabl vet t. iiL d is pt1ai:einerit faulIt~s wet " uncove~red dt t irig
the darn mono] i th'- Px. iva tion. -1 he fi rst, a-- riorna~l fa:,ult 1
j ri the- Monol 11th :1 ar-Pt, aind the second , a revers._ e thrus.-t fimjo It
I ocacie in I hi_ Mono I-Li ths 1.1./ 12 arect.

The rior-mal I-,-ii ii t ibevd n the Miol i t~h 2 foundation has a N 30
dfC.eS E - -. tt iI arid a dip ut a--pproxima-tely SO degrees towards the
nc)r t hw es.t [i fault has i displacement of approx imately 6.5
feet arid ippar _nitly rePsult iri from pre--Penrisylvaria Period
ac:t iv ity s irice the overlIy iru younger beds were riot affected a-nd
thus protbably deposited after the faii1.tiri had ocruor red -

The FAli t lc aited ira the Moriol i ths 1. 1/2ixi:avated area is a N 10
dere-ec, E tt ik iri, re-verse thr ust fault with a 25 degrees to _30
dJecrees dip towardls the nor thwest- This fault arid the previouI ,-,y
rio:ted, hor i zorital bedding plane shear i ricj are probably r-esul. tan ts ut
t he pc)-., t - P cr irsy Ivan ia activities that produc ed mo.st of the na-l(:or

-I run tua.f- irsiati egion - heful gue irn the
ocver so( tht ai 't f-au t Zone ra.,nged ira thi.:kriess from a few hr)hc-~t

ipp 0~ m~te ytwo feet , c(~ii-iiimir of small , angular , i ceazild
roc(k fr Aginont- ts inbedded in a, a:layey matrix. D uririg excavati ori
mo1de E- ajte wa Wt r r f I r) aw (2C)-, g - pr . -i aercour te red i i h f au 1. t
r elate:d fra:.tored zone , aid occasiOriIly , reremen-ta-t ioanr had

a. cut r ed in the trocks adjicingr the fault. zone.- The -.ource_ o~f
t h is waiter is app-arently fromn beneath the le-:ft abutment rind is- riot
Iit rer t ly connected to the West For-k River- since, dill irig periodsF itf
h ig h water, there was rio riot iceable disc oloratiori or iriatreasp in
f low of the water inside the exca-:vated ar-ea. Additinal71 detail-,
relating to bedrock struAC' tore c an be found in the inidividua I
moriolith foundation sketches located in Appendlix 10--2, a:nd the
photograph section (Vo.lume: II) iof this report.-

.-0? C)2 BEDROCK WEATHERING -- The topography of the West For k R iver
Basin isthe result of different ial weatherinag of the r oincks with1 7-t rucr t ur a I cor)n t ro ale d ci r- e n t at ioC)n .

At the darn itthe bedrck weather ira was relatively shallow due
to the fine grain tex ture arid Focuility resistant. cemeritat ion
charar ter ist ii of the riac:ks involve-:d. However-, in the. abu tmnen t
he de-pth o)f weather irig wastj anir e variable due trci the staianin g atrid

we't ther iri thatt j iasn-a.ae w ith t rac totes inr the roc 1-



I-0.0 LEACHING AND/O)R :W)LUTION ACT rv1FTY -Due to the absence
ot ca bOriate ror ks in the dJam cexc avat ion area, leaching arid

Ulit io~n ing activity w,-,s miriimal1. Leachincl and/or staininq was
mnost nota-:ble- in the water bearingi fractured zoneps of the Redstone
foal I. *ceain a--rid the ocrias ioial, niear hori zonta 1, 3hea-rin_ edn

L ori ta(_ ts The mos)!t notable result of solutioiiniro- were the
.ec ondar feature_ produ1Ced fro)m e ithpr weather ing o.r
ecernrtat ion in the faul ted zone in Monoliths 11/1.2 arid the jioint
,iat tornis. tn the be-drork:S throDug.houIt the exc avatiori

5flt)4GROIUND)WATER - The water table i-teaea ofteca

stt.e(- is c oritrolLed b)y a series of perched tables sepa-rate_:d by
impervious zones of shiales arid indurated clays. [Due to relative
impervious nature of the bedrocks assoc iated with excavation for
the dam, the quarnt ity of groundwater ericountered was basical ly
rieqligibit arid its movement structural ly (joints arnd faults)
con trolled -

1The maijority o~f the cgrounidwater encounter-ed during (dam
.nnst ruct ion was dur irig the second stage exiravatior iand directly
class_)Coted with the- faulted zone in Monoliths 11 aid 12- In this

ins- tance, the On ly time spec ial dewater inc_ techrique was
nce ss a ry , the fault plane arnd the associcted, adjacent fractut ed.(
r oc ks we-re ac t inci as -t per co0lat ion path from i.a water source
cipp,-ir en t1,y loicated deep beneath the left abutment (see Monolith 1'2
torgun d at io0n -' ketc h for dewater trig details) Second in quantity,
arnd another str uc tur al rela-.ted path for groundwater travel, wacs
the- neat o zrtl slip faul ted bedding plane at approx imate
e'l.evatior '-001. The quarntity of water assnc iated with this feature
wa'.; mirnr arid iscil:t(ed to oc casiona1. pip jog zones dule to) the
rnpervicwmis ia tore cof the fault go~uge- Ih th ird SOUre 7?Of

gro~iundwa..ter , arid very minor , wiaS througC-h the fractured Redstone
C oal1 s eamin. However , the guarit i ty ot water Prelated to t his s.ourc e

was neliible compared to the oveal L total tha:.t was encountere

diuririg excavation.

3i-03 ENGINEERING CHARACTERI5')TICS (-F THE (JVERBURDEN MATERIALS'-
The engineering characteristics of the overburden material-i were-
not essential on this project szirice the dam design was7 tOr a
concrete structure. Most o~f the- ovet burden matterial removed
duinco excavation for the dJam site was placed in two designa-:ted.

pc iL :oapas, located upstream of the ~dam site - A s;maztl quantity
Cof impertvious Mater ial Was stockpiled id later used as the core
for the first stage cofferdams arid as ain imperviLOIi5 p [i.1g p laced
t'etweeri Morinl ith 16 arid the sloped rock sur fa-ce of the left
cibu tmen t.

i F NGNtU R [NI (.AHARAL TFR1S-'TIC '; OF [HF BE r)ROL;K MATERIAL In



1978, represen tati ve roc k samp les friom t.-- iic h bor iriq wtEe t o-, t -,J
by the Missouri River Division) Labo-ratory in (Omaha, Nebrask~~ -

Testing consisted of direct -hear arid urnconfined c ompr ess---ion
strength test arid determna tion o-f index proper tie'; for- the rnc k
that under lie the foiurdat ion for the conrc rete monolIi ths of-) the

7 d~~(am. These test resul£t. and a summary o)f the various i'.ir
stenth pi-arameters a-rid stability values used (.ar be on i h

Design Memoirandum No.. 9.

Due to the lack o~f durability, most of the roc:k th-mt wosc ptcndiac ed
from the t-xcava-tion of the darn was unsuitabte far the i:~it r..ict 's-
permanent featur-es, arid thus,* was ei ther p laced in A dc i giated
;po-i.L areat or used in constructingi temporary feiatures suc:h the
cocifferdams arid haulrozids - The rock that was required for t he
designed rock protectionn, riprap arid stone giut ters was o.-bta tirmed
from a sandstone quarry located immediately iipst ream from the ddmfl
s, 'ite , See S-ection) 10-2 tor 1bc a ~tio-n of qluarry arid s-pocil area.

Materijab for the concretP ag'igre-qate was obtained from a quarry in
trie Greenbt ipr Lime-stone Formation located in Elk ins, West
Virqiriia arnd delivpred to the job site via trucks -



SPEC IAL DES IGN UQNS IDERAT IoNS

4'-1)1 LEFT BT.MFN.1.SLAIPFZSTABILI[ZATION -- ri-lifih piet formed under
_,1epard .ite ( Onl tt c at, the Ilope Stab ii1.i zat ionir on the left t ibijtm(r2nt

above the dam was an inteor-a Pitprt ot the orstictinpilq)ram for
he Striewct11 Jac k,.or Da.m - Data obthiiried fronm pt e -o nn..ttuc tion

i7 Xp I lortory bar rics of the left abutinrit indicar ted that the
o verbtiil den I:aris isted of col I yA ialI mater. ia I that hiad( a h-1i jqh wi.. ter
table id A max imum th ickniess of about 40 feet. -) 1 ncI:e it wo tDIi be
11(,9 essarty to c ut iri tc the toe of a lobe of th is marqiinalI I y s-tabl e
matet ia I in orde(Jr ta caristr-uc t the par-kinig ar-ea Ita(ited on thie-
dJam's left -Abutment beyondri( Monlith it arid the stety fac tor-
inivolved with the diverts -ion exc avat ion dur ing cStge I for- damn
c:on-rit Ac t ioni, it was decided that slope : tabilization was
re qu ir I?d(

4-01.01. D)IGN - To prePvent pr-obable sliding of this lobe onto
the Par kinq arepas, it was c-onsider-ed riecessary to remove the upper
por t iuri of t he Icibe arid to s;uppor-t the rema in Iin por tion with a
r-ock f il L butttress . In odrfor- thie but tr ess to furt: tion as
dJesi qricd, thie fill was requir-ed to be r omposed of hat d, durable

oh I- , bie reasori-)ab ly we]l.] compacted, and to be fouinded on)r aztu
to ,11 r 1' fii tCe. '-oc is riot to interfere wi th thie ma iin furic t ion cit
f-l -; aqp [ divers ion i:.-haririel, i orinstr-iic t to)ri of the rot)( k but t c's;

wA1'7 (":IIu I trd to bie I-ompleted pr ior to c)_,ta rt iniq Iit a Ie f d I v et --,1 .1r

4-M J)' NSTRIUCI I ON -- Due to thie tim irig; tacI t(,I- ir ivolved, thie
I,(rist ui t ci-.ri of thie rock till butti, ess wa-s inc onrporated in to thie

DPain Ar r -- s Road Con tr'ac t ( DACW9-8:,2-C-Of),5) - T h is I:ari nt ra -t wasi--
,A wdit dJe d toa Atarzi nS;toan e Coam p anry o)f C hie st er hi II , Ch i io c) ri '2': S ep t embne r

1~2with a scheduled completion date of 1,: DOc ember 1::

Thie con)rstruction of the buttr-ess was, to be per for med inr stages so
as to minimize the potential for- sliding of the over-but(rde aLoriq
thie highly weathered rock zore below the over but(rden soil . I t wa-tS
essential that the buttr-ess test on irid be keyed in to a cc ompeter t
r ock surface. Fr-om the available bcrini in format ion , a Ilayer of
claystone existed at the appr-oximate top of roc~k tines berieath the
desiqned location of the buttress. tinrce it was uridesir able for
the buttr-ess to rest on this mater ia I, thie intent of the purposed
00 teet long by 40 teet wide r-ock cut was to expose a mot e
.competerit *.,iltstone or- s.-andstone sur-face :ind to alIlow the buttr-ess
tco be o~r i en ted to at morep stable c onfiqurat ion -

When tno atrock was exposed din- ing exc avat inn (Stagez 2) , i-t wa-
disc o(vr'red that thie depth cf overburden (max.- 40 feet) hidbeen

di ti~r edby the fan: t thiat sonme bor-irigs had been Located Lri a
t Iled , riatt':w chiriel r uririrq thiroucgh a -.ilty Fands4Ftoan e ca pt cic k-



After re-evaluat ion , the i equit ed F~~Pc orstr or ticn top trie rut( k
buttress was adjusted to sat i -.ty ox i-7t inn c. o0di t io~n-. rhe,

sIrs torte t ock used in thVe but t rc~a was o)btainted ftrom a-. SmC-,nI 1
qu:rr ot at ed a ppr:x iin'a te Iy orep -qu.ir ter mn i I e uost rea-m of the do in

-I te. Bec ause of ex i t inq toriit 1uoi'-., the camoun t of tu c k
rwt- o'-.'-z1rv to c oritt rut t tht- but t re-s wa'; P fdut- ed f rom the P's t jina ted(

ti ai tty i t 1:, ,U tZlocub ii: yvt ids tu thte a-tt t uc IIy plJac ed quIt ri t It ty o f
4 , '~*3 'b I yatP ds

411 I.I)I N T RULMEN T A T I o-N -- I n s, tru mferit at i on f or t h is Sc onit r ac t
W)i -st od ut:

1) I einpur at y Al1 irrint Moniumen ts Hot h hior i zonita I arnd vet t 1cal
p i', ui-. to mnon L tor the but t r ess dur ing dam c: unst? ut t ionl -

b ') FPer, marint Al iInmerit P inrs - R~ot h hor izontalI anid ver tical Pins
use-,d tor mon toror the bu tt ros diir ing dam c oristruc. t ion .

(t, ) Irit: liriometers Inz-talled to mornitor soil movement. Because
ot o-verbuirdepn movement , themse monitors beC ame inoperable within
-,1 X mToniths, of iristal lat ion.

el -!,i1.-)t4 CO.-MMENT - The butiden unloading arid construtction of a rotck
but t rei' nr the Lef t abu tmen t served i ts des igrued saf ety fiiric t iorn
fu(r thte dam c orust ruc t i on . However , dur inn the time per iod
;,pariri inci the dJam ( ri)st rutc t ion , o--bse-rvat ion o.-f tori t iriua I i: 't '; lope

ta lt cs.trid the open inn of fissures higher on the left abu tmeri t
Lrid itatp- -i r ather ex tensivye irea o,-f unst,:tble ovetrbir den

irujn i t iun. At the t tie o-f ths;rpcrt , ai -tudy of this prvoblem ir

t roato;to) the park inq lot arid the .-s--ot ia ted r sstad, i,
be iri i oridui:ted at the P1 t t'burqh rP] str it t iff ice -

4 -02 SiEiIJENCE (,F DAM Co.-NSTRIJCTIoN - The Pittsburgh District
tipsof Engineers designed the c offerdams arid stipulated the

'Reqilent e of work to be per formed in excavatinq and erect ing the
Sitonewall Jac.kson Dam- The followin is a list of the cotmi(t tt
required two stage connstruction procedures with i~ommernts
concerning "as built" modifications related to each sequenite.

(1) Stage 1 (01 August l'3-2L December I,48 4 )

(ai) Fxc avate overburd(eri for the diversion channel to the lines arid
lope'; shown , inc lude icommoni exc-avat ion (overburden) for dam

Moriolith-.- 11 thronugh it.. InstalL. roc kbolts for roc~k
tab i 11z,i t ion . StocVp ile Pext ava ted ma terialIs which were suitablef

t rpc o)tffep, dams, arid brickVf illI.

('timmenif t :Wit k c omp Le ted as spet i f ied exc ep t f or thte inistal1 lat ion
r)F ronck1 bo(- I f'. [he r h.:inn-p in type o~f rock bol ts used and the
1 in- tall ation pro() eiiires i-' dP'-4 p ied in detail in Para. 4-03-

[ini



"Rock Reinforcement

(b) Cornstruc t the di vet -,ior ( hrinel I s: shown ore the drawings.- The
ori t ! it- tor was to (JI-S igni *irid c onrstruc t .iny t-empot a ry d ikes wh ii: h

we re r equ ir ed ton c mpl1,e te th c- d iv e r on c h an nel Fx c a V(t ed
inater ial[S which wet P -,i table tar- use in the cafter darns, at fill
wet e t t m k iP I I d.

c) iic,r i t :A ft e r thte d i v er -, 1or r ha~tririeP I hdd b een e xt- , avt t Hd, ri haqc
wa e P -iadte ti )t het met. haod a f p rantePr t irneg t he e x pose.-.-d or) k sur tf Ii aP
the i_ h tri nIel tram -.tt eagn er cisiori .rid poss:ible leakage into the
0 o-t e ad artea . Dp', igre treu i red that a spec if-d par t. in of the:

o x p o .e d t a c k b e '2 .,ealIe d with corc r et e qgrou t . However, due to the-
h L q h I y er a d it) 1a enat iir e uof t. h i s r ac: k .s-iur faijc:e , a j - i r ic(-h t h i .k
cn r)it -te p i-id w as plIdac ed orn t he floor- of the diversion channel a-rid

t bptcKre'te was- used in [ ieu of shntc rete to protect the c hanniel
walIlIs . A 1,=,c , t he heigh t of protec t ion fot the left wall was
,x tenrde-d fta-m e Lv . 1010 to elev . 10 17 wh ich was IPPro(X imate ly
r ver le-vet under normal c onditions. (See S,3ec tion 10-2 for

(c)After ()mfLpF~ti of the diversion channel , construct the
louret di ke Pprt ions- of bath the upstream arnd downtstream

c a)f ter dam - most ot the dike plac emernt was t~o tie (done in the wet..
ThdIikt-3 wet (-: t) bie p laced t~o the slopes arid crest a [evatijar

,_.hiowm, id thie roc k protec tiori was to be placed before the rex t
tern at wart k Wa_--c -Jtarted.

oincari t t fii s work done as specitfied.-

(d) Aft t rump let ion of thp c losure dikes, unmw.tter the ri
bi-twetr the dikes-, airid iristallI dewater irg systems as niec essary tii
pertmi t r ori-.trij t io~n of the rema inder of the upstream arid
dawn-. t- earn offerdaJ--ms arid the floodwa-:y in the dry.-

:minmen t :Dt-water irg was rio problem. This was ;t oMPl1ished Withr
(ripa t- - irim h -id one 3-inch pump . A chanige was made to the desi grn
ot the upstream cofferdam duiring construction whic-h resul[ted in
greater stability arid a simpler placement procedure. Also, the
emergency -spillway, located in the downstream cofferdam was
modified by a VECP proposal tram a steel beartireg beam arid t imber-,
needle type structure to a. culvert type (see Sec tiarn 10-2- for
detailIs) .

(e) After completion of Stage I diversion system, construct the
Permanent work within the diversion sys tem (dam Monoliths I
throutgh 'o anid st t1iig basin) t~o elevation 1082 (spi Ijway icr e -,t

ar esotherwise aipproved by the Contract ing; Officer. [ n riec) e ven t
woulId a.-ppro(-vl,1 be given to complet ion of any mono].i th to less tha
elevat ian [W52 priar to removal of the Stage I cofferdam-. 8 1.(m k
c.lide qates in open position. Install .36t-inch diameter perestock
b u L[kh ead



Comment: Except for- the tower iri o--f 3evera-,:.l tentative touriding
elevations as a result.-nt froam iriformat ion obtainied fronm thie
bo:ring pr-ogra~m, excavatincg r-ind e-:rectirig dJam Mono Ii th I thruIA , aIrid
the still irq basin proc ceded ais designed.- However , the monioli1th
height r-equir-ements for tb is se-Pquence wa';t r-E-evaiLuated arid rcarged _

when the c oritrai-ctor r-ec cived appr oval for- his YECP pronposal to
mnodif y the S ,taqe [1 diver-sion system.

(2) tigle 1.1 (07 Januar-y 1.0 -- C)ctob)er. j,)'.'_))

()Afttr completitor of permanent workV to) specif ied elevat tri
wi thin the Stage I diverstori system, c:Orwitriuct the S-tiagec 1 1
doawn'; I re.irn i:o-fferdam, br-each arid remove Stage I C(offertdam ,,
coiplet(ez coristr i-ctijrr of Stage 11 cofferdams, divert the rijver-
fLo-w thr ough the c-.ompleted( dJam flood control stu ice -

Commernt: The spec ifi ed sequences for' cofferdam coristruction arid
(jive rs ion for- S-.tage El wer-e dra--st ii:alIly revised when the
(. ort tZC tor- 7s VFOp pr~opoSal t~o modify the Stage II diversion system
wias atcce(pted (sjee dwcgs,. in Sec tion 10-2) -

(b) Atter- completion of Stage II diver-sion system, construction
the per-manient wor-k with in t[ -? coffer-dam area in the dry.

..oftment.- WorkV completed ais specified with again va--riations to ihe
ten tat tve furidiri elevations for Moriol iths 10 thru l.reutri

trom in fiDr-matiori der-ived fronm the explioratiry dr il11irig pr olr am -

(c ) Attor- icomp let ion o.f the permanent work, the S-tageq rIT uipstt owni
C f fer dam 'TIhai I be iic orpora-ted in the firial backfill inig anld

Cuminerit :[his, wor-k was completed as it applied to the St age II
diver'; orin odi tic at ion guide I iries with biiver-ston of the West For-k
H iver througrh the dam sluices being made nri 10 Oc tober iK5.(cSe

-) t n L I f orP .(- inis ti A c t iin n pt-7qr kzs b y dates

4ClROCK REINFORCEMENT FOR STAGE I DIVERSIUN T he r-oc k
between the Stage I diver-- ion 7 harirelI and the moriolI i th ex: c.va t tonri
wa E re in fort-c ed w it h tEn is io nePd troi : k toIc~ t s as ai s-tab iIi t y
prec- ( au t ion .The con trwa: t -pei: it f1ed thait mei: ban ic~ ally ari:boe
r-o ck b olt s (W iIa im s RI S S u p e r- H i h Ten-is ilIe bca It s ort equ1-1alI) w ere
to be used for this progrp am, irista ilied in a systemaztic paittetr .Ard
tensioned to 155,000 Pounds.

Vhe c onrttr -ic tor- requested to uASePt peStres --se d dyw idag( bars, wi th
bonding repstri in lieu of the mechair-ical tYpe- arnccor%- 8et ween .
Aiigu' t 10."; arid ()I Septemnber- 1,4H3, tfiold tests were per formed
us trig both types (.-ot ic hnrs. Both types- fatiled to alch jeve the I
V ips t en- tori requir-emeit with poo-r- rok: ondi t io-ns belie-ve-d to to

therea-orft r fa i ore.



rn 14 September .t83 le rqwshl p-t th Pr tstburf-qh
Dishtrict Corps of Enri nte 's e [)f ice to d custhe tack brlt t(--.t
resul ts. Dec is ions der ived .-it this mee--tj were.: (1I) gIroitped
, tnc hor s could be u-sed in pl)ace of the mehn :a[type; arid, (,) i f
the [.55 k ip tens ion coulii d nut be achieved, reduce the hnr izonita I -

distanice betwpen bar,, aritd lower- the tenisi on r equirr-wmeit tr em 1.55
kips to 25. 1 /ips .

Prec eedinri under t he ttor eme(?nt iorwd modiftied r(-qu i remerit , t he
vvor k st abili tat ior, pr o'm am was c oip Leted c.n 20 Dc: mbfer I <~-Iw i th
at toitalI of Fl,45'. teFe(t tfrc aic hor b Hr s ha civ rg b enr iis ta 1. led.

ori t-):k tPti ita j rcuran was ocuesfi inr that noc or k
inovemerit problems or c :utred dur irig the Stage I ex(c avationir program,

Ho er to) Apperi d i x S i.ir 1.0- 1. ft t~ a comp Ie te 5''r psi ::io i rw riri C

the roi k reiricircomerit program.



;E,1 (I TI ON V

EXI:AVA rI_ti1N F'CDJ<;

6 ll3NERAI. -The c or t t t f spc i. ft it t r.ti coi c t ti ncitf
t-h? r~ t iPL-JaI 11 a ksori D.am r eqij i td A :e I ii: wseqhpri( P t or
e x c ava t I on -tirid (J ris:, t rou t o )n T i i, sePquenct, i fr 'Al y d e!Fc v tbed 1ri

ar -t . 4 1ii o Ut 5 t i n n f.V B Bas i c at i I y , t hr- exi: _-iv,_ t tori pr Ut edou rP-,-
ftit th Is orit? at t were typc a., tur th i-7 - t ype of _- tf u-c tut P . hItt

) c n t r o- I. rhe f: I fo.w ( ft the r ivePr ;( '.I) temove over bo den .( _-
v-ned on r ot ma t i. on ob t a t ried( f r ri)m e_ xp I or a t or y bo-r rings. , -x L AVI t F

rt c)ck to( -a huid (,i1.o n t h at is *; tt 11c: to11r' I 1.[y ac c: ep tab Ico (4)
cr oIs-,t rotl t dam (,- in P pac c- a- grou t c orA to in beniea-- th t he Ht t u1c t I i r tO

~t t it t -oeepaget t low thro-ugh roc k beneoath (Jam.-

5-)2IiVE[IBlI)RDEN FXc;AVATPciN -After the c lear inrg airid grubbing
nproi j t tons, idv been, completedJ, overburd(en remova L ea in August

I ::~-I h e ove rbu r(den cx c ava t.ionr o)f t he lef t Abu tmerit was the
() fje c), oref tcjOr for th is con trac t beicause o~f the high priority

qiveni to the ex HCAVtticiri for the S_:tage .1 diverci onf c hariel which
wo-; lo mten that sidAe After the ove-rburdJen hadA been remove~d

row thp le-ft abutment to the reqjuired slope arid gradve arid
,ve- ,on c:imp IctedJ, the over-burdJen exc avat ioir opera.t ion -swxtc h*7ed
o the, qht t. butmerit arid proc eedJed donwn the -ibutment ard t os

thto va I Ic'y floor.- E'-s;n ti tally , the overiburdjen iextvat tor pr oqr im
wa':. conmpletedJ by lanuary l oRE4 arid, by the complet ion cof t he i1mb,

t ) a 41_ , /11C) coub ii yardjs of commoni ma tePri a I hadJ been
t ava t .

hi7.1 nv , er i de x(- a-va t ion progr am was basi t.allIy a s taridardj
t ior a t L(.)ri, -iL p r ocediJu r L- T hat is; the overburdJen f rom the Abu tmnirm t-
W'.1 t oflveil by docZers- ,loaded irnto 769, dump t rur ks by e ithera ~"

,rid loe or a 2:35 bar khoe , andJ hau ledJ to s;pec. itf edJ spo I Ar eas
I or) -I tedJ 'ip-s trEam of the djam arepa - The material locatedJ at the tone
:inf th(i-~ .. butmerits andJ across the valley floor- was remo-ved?(, when
pri's t--,blCe, by f-31 scraper-s arnd transportedI to the -spoilara- e
Appendix; Section 10-1 for lis3t of :ontra7c. tor'-, equipmenit.

5 0 ROK ECAVTIN - ok was dJefined i.n this rcrtrai:ct -Is

thait mater-ial that wouldJ iequire re mo:val by systematic_ drilling~
aridJ blastirig, loose bouldJers aridJ rccks tine cubic yard( Or mtr int
vo~lumie, arid earthlike matertials-: o.,f limited extent withi~n
-xc ivat ion a reas . The type of r-ock ericouriteredl in the dJam
ox ( i vat inunrn ci-:istedl of sandstoneIeshales, siltstinet,
I.-iy,_t ores:, induratedl c lays, aridJ one major trial sePam ( Redlstone) -

Fhi, on tr ai, tor was required( to so) coritrol hiis rnck ex:avat ti:,ri
oip er -t t c)i-i' soc that materials sui table for- use in the S.--tage I

c)it f r im s t oris-trw t ion wou.ldJ be stockp iled, separate from hi-s
'!P I ma,7tcer I1i01. flowever , ben azsuej of poior phys icalI quali1 t ies, mo)7):

of 1h( ioxt Ivat od rnor wi'; was ted- cexc ept tnfr a m Ipcir on whi( h



was used as random til t 1 ater ia arid 'ome P - t,1 9r-ily ~ pa
s anrds tone exc avat ion ftrom the diver-siorn ch art riei aci(d used four
r iprap -See Sec t ion 1-'-- f or Iot(a t ion of ,po:ilI ate-

This contrac t alIso st pulatf-d that .t the ( (m irt~r tc tir- hcid mar- ket
Lte. n a I (Re~ds torte ;e-ar a L ppr ox t7 Iv . 1(.u)) )eric nunt tered dur tig :,

i --, cit k, ci a vat i on p r ogramn t h e gy er trnmeri t wo u I d ;h ar r ( in t heC
fnai nr t. rete e i v ed fo()r it ts '.aIc However , the-: quarit ti ty tridJ qual Ity

of the coCalI enc ountered dur ing the cxc ivdt ioni fma.de I t
Iieriit n (it atI ly tes eto s(-: 1, 1 A I I toal , atIr lng qW. t h _irty noth e r
e xt ovdtted mdtter al that was3 tested for- ac id irairtge irid found to,-

Pi o ti:. *x wa- d i posed o.)f i n a l e ft a b utmnern t s ponilI am -t a lont( att ? d
-1p's t.r ea a) -) the dJam - This s_-pecial spoil area was toc ated atbove:
e levat ion I08arid se._a lid on all sides w ith irnperv itutu mnater iatI

rhe roc:k cxc ava t ioi prcigram was batsically divided in to thre~e
i--st in(:tt time periods: (1) 'September arid tictober F: - Excavation

for the Stage I diversion c haririel. (2) March 1,4 8.4 t~o Auguqst 198 4 -

L xc a vat o ri f ori the damii Mono iths 1 -arid the stil1 ing basin wit~h
t - : p pIu r te na nt t cea t urePs a rid ( 3) )Dec emnb e r 1' 4 to0 MacIy 19 ID5 -

Fxca -vat ion for dam Moirio,.l i ths ID- Lt--

The proc edure tr removing the shot rock was the same- as for the
nvebtrdeiexc avait ion exi: ept. fur the very ILimited use of scrapers

1rFt the pl or am - There was a tcota I itf2 t c ibm~ ya-_rds of rock4
exi avteddur irg this_: non trai t

104 [ I NF DR ILL ING, PRE -SPL ITTING, AND FR()DUC T1filN BL ASTING

'-4.I I . [NF DRILL.ING L Li rip dr ill ig. d-r ibed-( in t he (_ (rntr t -i
Jir ii I i ri (q ao S- tn: h d i (ameter hctles s'pa ced noct more thtant twit-to

the- hole diam-i-eter , i: enter to :ePnter-, a long the Pxi:av;t tiori 1 t ries-
was- r equijred at the downstream limits cit the -shear ~ey In the
,t tt i rig ba-; in floor , at the ver tit:al steps between mortol ithiS zland
the down-stream exc avatior Ilnes fur Monrolith 5, t-,, 7, arid A All
i)f thi-; ver t ical dr il lirig- usin .3--innh dtameter bit-, at ~irch
en1ter to c enter spe-c iriq - To comply to thie ab~ove reguir emerits,

I11,742 square feet of L ine d1r il ng was Per formed under th is
(. on tract -

5-o4.02 PRE-SPLITTING - All rcock faces agains-t whtich cnrcrete
was to be placed required to ti e ithier bine drilled or pine-SpLit.
Al I the holes thiat. were dr illed for pre-spI itt irig:, were 3--inich
dJia-meter arid were drilled w i th air trackV dr ilIs with a:- d is ta nce cit

Peit h er IF:! inic he s cinr 2 4 i nc hie s f r om ce nt er t o c enrit er . All thie rcck
s-tir fa ces t h at req?(ui red p reP-sp 1 i tt irnq we re P-: u t. on a I to (: . slope7
e-xce7-pt for the sides of the Stage I divers ion chiarirel which was
cit on at I to 4 slope. To produce- the pre-sp lit face, all holes_

thia-t wer-e dri ] led or: 24- irich cen ters, arid only al terriat ing hioles
f dri H ed on IS:-- jir:h i: enters , were Ioddwith a c ombiriat ion of

'Her c si t WR" tcxp Irci e arid paer. The tctp pcor tion cit tho

1 51



hole was smedwith limes~tone fraigments arid detonating ord wa-s
se tocriicLtehls-The s;ho:t was then in it jatedi by d Lt1 i9

delay elec-tric: blast iri cip taped to ne end of th-e dEtoriat irig
C )r-d .

The "Hercosp I t WR" expi os__ive that was used for pre-spi.itting is
wa ter P:, 1 i tir rn , seif. toe 1a ie-hihex 0 V P dtci yHrt
PoWder t-Lompan y t h,-t is spec tlly des iqn ed foC)r p r ----. p I It t] rig. Th e
typw usd n th is icob was p -~a j in 7/:-:- irii-i di amp~ter by -- nci
l org c or t r'i having caper zleeve oiieto -

There- wast a ttal oIf h(D /1- - quar e feet 9 t pr --.pIi t t i ri per for nuu
dutirrig hi c on rt jt pr oduc ed by an a _veragte powder- ta:t tor o -ii

I bs;- f . Ion'; 1dewt inri the varilablIe types of ro ivolIved , thr
resu I-t-s ni the pr e-sp litt trig progrtam were hi j hlIy ltcetuI

5, 1)4 . 1)_' PROD1_I2TIC)N BLASTING - Once the founding elevations had4
heen estabih t I Pjfr (7m t he e xplIo r ator y bnr rig pr ogr ams , arid th e

xr k ix va t to ri ou t I irne fic)ir t he va r i ous s t ruur alm f o tu res ha--d
bee ri n-.ct I Led by c-i ther t he 11 ne dr ill o10"r re-spi IIt me th od , t he

I nriie roc k Wass wavemoved to L ine and grade(J by sys_-tematic
dr t iig, loadinig, atrid bilasting.

in add t ii to thp usual prcoduci ori blastitng equ tremen t that i: are
fiust t t keri so,( as riot to damagle any sur roundirig i ri-pla ce roc k
so ~t's d the HXI ivatL(ion limits or damage any pr e-spLItt or I re
P 1 I I ed tai c,, this c cri tract reaui red that balst hole dr i 1 1 coi(

wo id ,top thri-y thet a-bove f iri i orade. r his f tria I tht po t-oet : t
,itwk wv-s t ci r temoved I aten by a separate open aItmort i.t dt III 1riO

f- 1j 1. d ep th rj pli-p ight ircje-s arid thenr padding thie bot t0cf h if
hp- ho It' w1 t h -atrid prior to bla:st trig. Thiis method was, u - d t it
r ii'Juf the pci'-s _ibi lity (if bLast daimagie to thie t iriaL t)- : uo r -

The: pr odori t inn -shot holes wee e:) 1/2- inch in diameter w it h pr
vairy [io r iiin) 4-1/2 teet by 4-1/2 feet to ::: feet by :- toot
depenrdting upon the hiole depth. Thiese produc tion ho les wer ep f-vidol
wi1th i ercules Brand "Her: am tx" bliast rig agjent arid "U n ge( kl'

Pxplosive, stemmed, arid s-hot through a variatile delay, Hlei trI,
blasting cap system.

The production blasting prcigram extenided from 'iePtemb)er 1'o:-
through April l5aid produJiced a Powder fac tor a tt ioC t hia-t
a ve ra ged 1 -1 /2-: lbs/ c . y . Thie c orit rac tor ' s c cis--t in produc: t ion
b Ila-St I ng wa s I ncr o rpcor a te r tj1ri toc t he p r i ce pa yed fo rDtciac V,
et ava:t 1 ctin . ;(ee Appenidix ,Sec ti jonr 10-1 foir addit moral in fcirinatt inr
i rict *n rtig thie drillirig id blastingq programs.-

*(_)4_1i4 Nt ASI VIRBRATIOiN Mt.NITO)RING - The c-ontractor was
eii t iidf to turn i-h tnst omen tattori arid a seismogqraph oper a itnr ti)

rnorii topt irid ti re (td al Ilas-_.7tirnq vibrations, wi th a t E-tr tc t ion tit
th r:w nik~l pot t il If- velor It' -it thie newares(-t ionc rete stt it tut w W-l



riot. exceed 5 inches-: per s:ec-ond , eci op t In Munn IIth LO) exi Wit 1 yim
where the Peak par tic ie vol o c i ty cuu id riot nxc~ ced 2 chisPeP
-ec and.

I ristrumeritat ion arid corso tt IOri wer pI C' v Ptied J( by V I bra- Tech
Fognc .er' c, [o of Rc:,r-kv 1 I I, Ma? y 1 arid -h hi r- t een iatswe re

moo )iitor'ed( between 271 Marc h 1~5at which rime "friyroc k damaged
Lhio sosmq ahaid be fore it co I -h rep Iii: ed, t het- b I as-- t t rigq
pt (,gi -tm had bi wen c ciple ted (02 Apr i 1 +5

A I I t es-t r, esu i.ts- wEr e w i hi in t he s-pec: i f ic(. a t ti t in its

5--(S E:. XC-AVA 1 ION. GRAIDES,. - Toritat ive fciuning elevai:lri for the
individual dJam moniolithsI and the stilling hasin hatd beeni
e-stablis-hed f rom inftrmat ion der-iveid froim pr-e--cciristr uc ticiri
expblot ator y boring pr-ogram-s. These e Levat ions were pro(:vided( to
the cmrtr ac tor- in the PlIans for corist ruc t icon of t he dam. However,

5i9VF~~~r~~tl of ths ondn lvat tons where i: hanged a f- ter
Pv V ua t ioan of.) the c ore that was citairied frtom the exploratory
pr-ogram that was- r ego trid under th is f-.onltact - These new
c-xcatvt ti grades! were judic iously Provided to the contractor
pr, icir to: thea per V bent rock excavationr program - See Appendix;

et ion ICI--1 for infor mation coancer ning; e-tabl ishunent of founding

b-O-DFNATF R[Ni; PROVNISIONS -- Thue c on t rac t cir wa s r egui r ed tou
rcIUv iA -ii ffrVii tori t dewater irig egouipmeri V s'ci thatV ccirutriitori
I cvlitl-: 1 , ol b pertformed in the dry. - hi is r cgu i remeri V was,

'a3fr t : tsril r~~e by us trgvur iss- Methods, dePpe-ndn tri uonn
gharm t I fry It) water enc oumtered arid exiti nq. phiytic a c endi t iocmi<--

.3 -ut- .11L DFWATFRING OVERBURDEN -- Due to) the nea it y imperviouj';
r a tu)rfi-' o t he o)v er bu r dePn m at erial w wa ter see P ag i .n toc t he (- it f P iod

dra uring overburden removal was niegl igib Ic-. T h is s mal r A moimni V i

wats control led by the use cit diversion dtch- and strategically
uc a ted sump pumps.-

'I) Ort A2 PEWATERING ROO- CK - S-andbags were placed, whenl needed,
along the top of the excavated ? ck:. fac-es to control Pto P(: i Lta:t Innm
related surface water dur tng concrete plan emcnt - Mirnr water
tntf lolw throughi the excavated rokfacesZ assot ialted with beddi no1-
p Iani"-, 'and/or st ruc turalI detfic i enc ies in the tcic k wer e c on t roC I led:,,
by adjostirig the cot-ncrete- placePment soas to force the tnt lo)w
otside the, limits cit the placement cir, it this was- nit pr Cc tical,

r c-inovod the water by sump Pump'; fr on an area intenrtional-dly Is fr
,Alight by low (lit ting ccoctrete plac emerit- If the guarity of mnt]ii
wascxri; t yen-;v(- arid/o.r cons i dered do tr imeri a I to curic rete cuor tig.

PC, t r-i idp i pe s , si rigqu Iamtr o)r tri t ert r: (n riec t ed , were t -'-x tendeclfd t h ro' . tIi
t r ito fr in the'ioce to arm i ova ti .ibov- thie wa-.ter t it -



head and then the ptpe( s) were irouted by the trt-mie metrhod.

- The above desc ribeid dewatering tec rhriques were usedi djup lrig l -.1
foundation concrete picic emerits e xcept tor dam Moniol ith 12 1.ue to
t he f aulIt z o ne r e1.a ted wa tc ri rniflo. w eric oiri t Erted i n t he MWio cII th 12
e:xcavation, two ,-iddi t lorial dewater tig methodsIT wer iiioror:ic
Fir1t_ =Ia vet t ic le, 2,:4- tillh diameter C2MP pijpe was ceFritet Pd arid
sea,-led aroui-nd an open , t:--i nich dia-zmeter core bor iriig ho )t (#2,.'1
1I oc ted( in the Lptteam hatf of the foun-tiddt ion floiciciRr
c orit iniuc I pump ig . from the conre holIe , the wa ter tAb Ls in ( he
Im1med iate artea was I iwer Pd belIow the fouridinrg rcic.k ' ,ir fAt r,

Pump inig was.- iir ut trued uni I he ight of cnrt p1 :c emeri- -'xi: pede-d
the static water Level -tid at that time, th is casinrg was- (iracvi ty
g4rou-.lt d . Sec-orid , --tt t he maj or wa t er i n flo(W (?-,t .- ) -- 10(1 CI. P.m.
poijn t loc a ted a t t he Fex t reme- downs -,t ream Iletft cc)r ner o )f th e
e xca va tincm, a ver t i c, a I , 2- i nc hI diame ter CM P p ipe was iris;ta li1ed toc
enic ase the 1 i nflIow. A -. bmprs ib Ic pump was us-ed to icorntrol this
water diur i n t:crtete p lacemernt. u easf the quarit ity arid
goaltt. i t.y ot the wajter in this sump, it was not grouted . Instead,
the CMP iaS tigq was.- -x tenided to top o--f ground arid c apped with the
expec tat ion that this wa--ter source cpan be inc orpor ated into the
dam'-s wate'r -supply system. S e e S e c t iori) 10-2 tor individual
mcrinl ith dewrateririg in for matiorn.

5-/FOUINDAT[ON PRFPARAHrON - Sirir e all - ti- uc tiur e- tha t
Per tamred to the dam curistruc tiori t eguirecd tnuridirig on c mpetert
bedrock, the prote:t ion o~f the found inig rock ;urfacp diuring thke
PcF- iod ci)t t ime ft rm cxc avat ion to curic rete p1 ac emrent w,-:a Imos a,
impor tan-ti t , the f ii: cI eanup aind roc k t rpatmeri t opera tutiirrs.
ciriduc ted lust pr i ot to cc oncret e p mr

, 5-1)7.111 DETERIO -R ATION PRUT)EC'TrI(.iN -- A,:, sta-ted in S-ec tiuri IV,
t ibfrc rete- wa' usecd as a prcitec tive trea-tmenit for thp expo~.ed to k
,iAr fai: P a longi( the -7,ide'; of Stage L. di vpts i ( harriel arid tho
Redstone coial seam exposed orf the left s ide of the-' ;tageP 1
cot terdam excavatiori Also the floo:ir of the diver tri i h.-trire i
was covered with conc rete for protect ion T Th e f i tiert crePtet-
treatment requirement was limited to the-: c ris ,tru:t ion of the t l
I c offerdam program only arid dut inri this pericid,2,.11-ua
Yards of rock sur face wasz- protec ted by t iberi rteo

Olther vertical or slopingq arg-ilaceCnS' r-ock SUr-fag: s it the
foundat ion, or any rock deemed nieces:sary, whiich were exposed, was-
protec ted from deter ioirat ion dur irig thie in ter im between k-xpcs,-iir(-
o-.f the c and p laremeri t of concrete- by a spr a.yed on priltec tI ye
film - Thie mate-rial use-;rd in s---prayirig was (cl ti te 42-51Hi-Sa
epoxy r e-~in emoIs tori, a water based materital1 witth a'O% s]i -A

tcotal of 2, 7:32 sgu;jare yardv(s cit rock surface wa-:s prcitfer:ted by th i'
epoxy dur iri thie Pxc avatiori progiram -

inall Iy , f ci thp pt oiti oj(--n of the c-hl e it hitly pie) t ni -I I hk



hori]zontal surfaces of the rock foundations aqai nist. deter iora t n
from work activity as well as exposure, the coritrac t. sppei::i t V te
that, duringi the r-oc k exc a-.vat i(:i prtran a three foot layer tof
r ock was t~o be left in the bottom (-) p--jac[ foundation - Thi.s rockI
l~ayer was to be shot arnd temoved just Prior to placing c oncrete .
Stince the re.mova-l. of th is: roc-k from the dee-_p pits, whic(h some of
the- Mor)olt th foundation excavation required, would be ;--

c nsidcr a-blIe problem to-- the c-oo trac: tor , they requested arid
rt-eivf-d per missin to el Iimiriate this requjire.ment_ T The

f- on ( r tor) '_ F prpoe mt hodc of prtec-t inr t het- four)i nd at iic)ri ronc, k
.'ur fac c. was: shout. arid r-ercve rock toc final grade durirng hiis rc
exi ava:.ti:n program; per form in termediatte I:: leanup for)t inisper:t io.n
arid 471C.eptar-ince of founding grade; if approved, the founidatiori
floor was t-hen coerd y a polyviriylI membrane, which in turn was
overed wi th t_-l0IC inches of sanid. This c overirig wa-s removed fcir

f iri foi-~dat iiir i: eariup arid treatment just prijor t. corer-:(:te
p1I ac.emerit -This methcid was used arid was very successful in the
ri-?guitred pr re:L o f the roc: k sur fac.

5 0.7.0"2 FINAL. C-LEANUJP AND TREATMENT - Immediately prior to the
in itial concrete placement for a dJam monolith , a final foundation
leariup operation was, performed. This operat ion begarn after the

protective cover had be-:en removed arid al I roc k surfac-es that would
be in dire-ct cocirtac~t with c:ocirete received the tt-eatmerit. Th is

han c Iar tigoperatti consisted obarti, pick trig, wedging,
arid jc khammer ri to produce a sound arid unshattered rock csurface -

A ft P r t heP cirisounid r ock haid been r emoved , th e toi: k -1urP f ac . ec c i ved
i n a i t t et ted wash tig. Next., the fouridatitori ock was mapped
arid, iir iri mnapptig, chckdfor struc tin al depfe-c V such als

ac tre ,j ciirts, faults, arid weathered beddting plIs if an y
of -- eite:V wore *7ric:oi.Iri tered , they wetre tre-:ated with deni tatL
( ei(rctp iir by brush nrutirig- A f tial c leaning by broom ari d

,tit /wa tter was per formed just prior to concrete ptacemenit.

he 'ab(_ive pro--c e2dure applited to the rock foundation for all
( orii(: trt e sttu ictu r es - A total of 81,14:3.4 square feet o~f roi:.k

surface? rec eived this treatment arid during this coperatiori, 2.-10
cubic: yards of dental concrete was placed.

5. 08 SAFETY - Safety pr-ec aut ions requit ed dur ing the c~oristtuc~t iori
program included: (1) instal-ling rokbls nusalerc bve
an open excavation arid the ver-tical line drilled rac-k face between
mono )LtVhs: (2) roc:k anchors irstal ted -to reinforce the rock
hotwec--n ;tage I diversion c harirel arid the monolith excavatioin; (j)
iris7,t a I I ait ti onf No. gage, 2-inch diamond mesh chiain link fabt ic.
on all excavajted rock surfaces that exceeded 20 feet in height. A
totalI of 21. ,L50 square fee-t of this fabr ic: was used on the rock

~.uta edurting the Stage E coristruction program. Durting Stage 11
i i~nistruc tion , 11,71 square feet of rck face was covered with the
faibp c tha-t had been removed aifter Stage T conistruc tion was
i.oip c.1 e

..... ~[ . .....



other than the above spec ial requiremenits, the applica:ble~;tf
regulations as descr-ibed in Saifety Manulat EM .585--l were followed
during the (:onstructicnI program -



SECTION V[

FOU-(-NDAT IO-N ANCHORS AND ROCK BOLTS

:OtGENERAL -The on ly structure in this c oritract th-tt
tequitfod foundation arichop )s was the stillirig ba-s inr courc rete- slab -

[en toed ock bol)Jts were cedto renfr(ethe rotck between the
S:'tcage I diversion channel arnd the monioIi th ext avat ion id, they
werP also ista.[ led in ceCrtaini areas of the moniol ith eXCavait a n as

,.-..,P:ndJaty support of the rock -

-C. -1. . I F(ThNDA T TON ANCHORS (Between October and Dec ember P ):4)
A total of 2420pounds cif No. 14 bar was iristal led durinig the
rt -(-k ri:hrprogra-m for the still inrg basin.- These bars, ranging
tro urn.14 tcio ,-.1-5 feet in lengith arid having_ a standaird -00 degree
hook wer~e insta-lled arinrtd irn 3. 5-inch diameter ve-:rtical

hlsthat ha:d been drilled approximately l:Ea:-feet irito rock. Two
air trac k djrillIs pertormed a combined total of 1 ,6.7( lineal feet
uf hole dr i11inrig into rock fcir this program.- See Section 10-1 for
irista I la t iori deta LIs

.ROCK BO~LTS -- Rock reiniforc emerit near the Stage I diversion
hairie I arid for- the protect iun of the rock su aeof the dain

relaited ',truc tiltr Ps was spec ified to be accomplished by jinstalling
teniied inei.han it ally anchored roi:k bo:lts - When the tor i o
had prcibleins during. the teszt program of achieving required tenision
of the atrihorz;, they requested aioid receivpd perinissioar to u-~c' the
dywidaci threadbhar bolt system with c alti1te resin cartridge tciridi rig
mn [i ei of the mer-hariica I anc:hored type o-f bar h Te t oi: k
i-'irifot m amen t prograim for the Stage I diver sioni charirel i rea s-

di cu;--edin paragraiph 4--03 of Section IV "Special Desigin
Cnrisideratloris' in this report.- The total footage of aricho~r t
iaristal led during this progjra.-m was ::,459. 5 lineal feet.-

When the rock cut faces were covered with chain l ink fabr ic., I
.3/:3-inch diameter threPadbar r-ock bolts were used t~o suppcirt the-
fabr ic.- These anchors were installed three feet into rock anr two
foot centers so arranged that the mesh protection m:o dbe rolled
up as concrete placement progressed upward. The mesh was attic had
to the anchors by a riut ecure 6--inch by t.-inch plate. Diir irig
this contract, a total of '231. anchor bolts were iristal led tor thi-.
partic-ular prcogram.

The- third program in this :ritract that specified usingo -Ock baits
was-,- for the sec o:ndary support of the rock in the monolith
ext civa t i urif t( es - Aga in , inr lieu of the mechanical anchor type
bolt, the rcilt ite resin s ecured type was used arid these 1. 7/:-:- Inc h
diaimetver thr eadlbir bolts were installed 15 feet horizontal ly inrto
the r 0 k f iit 0 on r ow'; at .i 5-foot ;pa:in(og be~ innirig 5 feet ftcom
the- top o)f the c: 't - Aftert irista] inrg the 5--irnch by 7- inich bseai I inc

(11]



I lto c-- t ht',s e bo C)I wert ke t &ai -i ut)rd to k-,10 pons d t I A n ri-
toC k bol Its ?P wer si M11lrLy tfl''tui t[It1'd(.,J, lF'flqthu. ind i n( I i flit i rn
'Idi nisted to onula tiow.%, 10 nit *-'ac wtetepaa oT - tht- t(
A org vtUclJojint- (,-Id ut ct lrrod or t'fK I ko'oly to (-)(:: lit -

olvet :ill ,-;, 15 0 linea tft of Phi e t t ''u Vol- P; W, ?'
tt'-;tai c (I Ad in Ie t h ' u on~ Ptj

I



' _,I It IN V f

hi lINPA TT(oN 11 FA I MIN I

C) -II IFNFRAI_ I ho 0 uI~ i ori hr ca, tmnri- r t t h th n I 1 liiwa
ca k, on Dclfn kt JA t r e-- i ri st F I t : ( I ) d n t ,, I t r i I, t i~ I
t ) , n" q vi-uit i, nrig t i- t t irji I ftcour ido t i.o n tii 4 I i ra u tr 1-4oric t I?

t tt a- .CJet ( it I, e r ic e- i n t he orI k-j t taio, suc v' iri ri it
An I uac Is r i ri i do r to i-o tim inate .-eekpageI pah (, -I ) nat'. rig ') I IAjq
tInri e t p-,' oa ce*meri t t toI r eSt ri-ltiltre it reguA lr- i t jeP fit the t k
iiVAii t(- ob t ain riri victi.-opt abe Ic ven 7ut~i face.I tor ms o :

LI I, t- inme n t ( -I ) (Ii I ii ri I ri J : in h diane tet pr fs u r e r k- jo tof -I- Ik - r,
t ho '-Jiln V I igha-;i ri t1 or (4) ji stall.irig a gt-oit cu or Vaii n - i
t I da s_ JM ,t orIA t 1- t aP1i1d ( d Jr i i ig 2 7/ r- i c h di a inec (7 et r ' IAt

IteL l 1- 1 ti0 t'' C i Lo~ th damn'';- foundation.

U,.,- D N [At I RE.A]-M.Nr T Den talI t t- ea tmen t aof allI o-pen (c. i n ts
ti ,- A C k - I t s f Iheart zrion or - im ii a r fe atu reP- inr t he r ockV

j t t I ic e i. I itd i rigq ipe r, re v ious l. y Jr ti j IIed h coI, was1 r e qu ir ed
F I'' e in i An -nad IIoI) t I.( rt ui tr , -1 1, d1 e Vcts i n t he ro c I/ ju t a ceI w er e hard
I ari ?d I,- n ei civ i ri -I I I -:~ I V t , hr or-e c i a ted ot de-( crosoj mnatetialI to

deri)th coft at I o-,v -t t ht "c V i Ine- t h-? w ith of the: open I rig arnd
kha f i I I ed i i h e it her nea tt grou tt ( r I r t I t e d e Pe n d j ri I i pori t h
t. ut, the fri;pe(-n ig 3 ayinori V top - -i- o perva t j on wai,- mido by t tie

vii Lurne uJ r oinctt.te ot- neat i e-merit rrego .ired to tat 141 1 I I tie iim k
';in- tI., J(l t. ( l : it the-, J.;;-- i~ubir: yards,- oh) deriti t tinemrit

rifneil Jut ri thi-s f ontVrac t, /4% (/I- 1(l it c ytd-~ ) Wek-' ](1Wi !71
tHii' Mimri)ijjjti 11'-cm(i-I ni. '7ot AppE-nd X Mx I-1 ttit 'li ri t i t

I ic rote dt-i V t1 i

-- ; PL-1( ( _ ONI2RE 1-l. Wheic-'ian i t eg I(1 1at 1 tY 11- t hP ti i .- I t I-',
ot l tE 1: orc Ij it x c :jh a, ix avt ti to a -i, in p it iivtt

x I ava t nrig, thitt ariea was-,- treA td tIWi thi- ''plug'' iiit I~ t t t
t- trIgouIr i t y wa sc on s i de red I:-ongtt _ic tiomr'. rie I oige iri I F' , t t f''i 'mii

w as: a t c on t r-A c tc)r' ;expenv, e . Howevf- , I t t ci k, ':,t t oA( totp I' li
thie irregular ity ,paymorim t wat-, made, fom thi P f in ( t i o'

0 --14 DRAIN HOLE-S -F't''d.it (_ e e t i t I n hole--, wet et, J r L I
thie silifing basin arid boierith thin darn -, r t i A i tut e . -, L Ir I t i-

d r i I Ii g o f th ie se ho los e o r rt-e dot II rig '>ep,1 )i te V me te ti' t- I- inf- c
had di fferenit regia it omn V -n tflie two- irpi('t at tLir-. w Ii I b(-e i

rid ivi dua t ly .

7 - 14.1 I TILLING RASI NS Ihe,( in itr.Ait t -. ei If Led thtit.'/:i
d L -n.me t- h oIe', , 1.opfed I u n 4 wer: toI rti bo -I I le-d into Vh t i I

bainr fouida i oun thit i;uh 4 1 ric h J i fii' t et PVA pipe set 1 t iiit If't
the toip c onc t rofi --;I'th lti-- 1 il I ., wi'? I, II I tl' 'It i [I I'd, i -pllI' ilI
loraitci i isr u n i t 1'iay 'It il IIW I t h l1ITImid ti t I aridJ i t '-tI' 1



I-Piri wdtpet vhe r urtti( tot t ecIIue'. ti-d irll t -r i veil r-j~ mi , fir tn o
I rt-t thftI-, .pk?( it 1(i n ii t( () t hjjr 1 1 fe 4 --I.rre-h dIIiirnet f ered 1-10

ip1 piHwi WI l exterid ft f Ofl tri ()fIt t t (p ) t I u ric t 'tIe thu
t I Lin trio t ri d If L I I irio tht tiuqh ( crn I 'e i-i o rId ,) irnq - .n lit f' kj

,jr Il w ith c ir cuaI tt ingq wa teIr I n I I-u o, r - I u yi , 1 - hj-
h~ I'l jlr i*1 p-i t ri) 'idui 1it orii I c)u t 1- c I- h e gn v Ir r Iinpr it ,irn I
F ppi oi,t r)er Id jr I q i t it- fI c tc)r y t e Ii I t- I tie I, -_iu I t; f t Iurn th11e

mudj I tI I A t pig)it 'im w.i'vZ -ic c oP t a L i t? w i t h t h I tin I y p th cI em be i rig. thel
I ih- i ri vi t ved- w 1. t h I d r i t LIi rig t hi, crilh wcunifkeri p 1 11,1', t f I t I hp
In r to t h rhd i~ n a L Lo.d L ni th p buii)t tucm ot the PVC, pjipE: t(- pr a:)ti-t: t

ht itI ri, id ii ( th 'i )pe dur i rig c onc I, et c, p ae -eri t. . At ter, the (Ittiri
h( ) I Ii> wor t, i-- -A 1 1. iad , t hey wet: aw-h d id baic P, 1: I [elol w i th pea-:_
'Itr o lt wth i in oine focmnt cIft thec t p o f ic I ItPt p T1-. rO., t I)p. t unt

WA -I I I 'd W it hi1 t agll :; uri t t L tL tme for t(I ivprs i or u the r i vft thtouigh
t l-'tie di -, -, I u In c c sd1t i IiL h t i me , thie t ags wet o t-mrived and thie

f-l .I u -,otmp epte IIv ba ck I--i L I et(A w i h t pea g qra v e L

[i,,,tIII I r i b~-, n, ri rai n hc)I e d r 1.111 n rq p tog rm i wac~s c aori d uc t ed
-lot I 'i t tie- Per tiid be t-wen US Apr- i I I -o;:;5 ,1rid I1S Aptril 1 1935 and

nriv t- (,d cit >1dti r hal Ps hay i rig a c ombiried toital. drillirig
ii Itip to I , . '-) I i r Ia I f ee(,t . e Appendix It-IFor addi tial

it~m i - I- ()rti i -, Yi i Int t huI prI -gtiramal

I 1 i, I DAM FitI.JNDI)A D 1iN -A IFtear I: omplet iicnr of t hie imn ' foridat i an
01t t I I ri (It )11t Ig ptr ug1r am, drain hiriI c--s were dt AIled nn 10F t nit

p Irii , rm f t i I-t vet V it:aI in to t: h e fouri dt Ltori bePrnila t hi t hi laiin
I it e 1 li, IhIi Pt i)igram I- Lirui-- -jtd uf dIt 1 1.1t irig t-, 'Z /; -iri hi

tImI 11-I t h i I I-' -, Ltt ough 4 1 i h d tomet 1- t :1ti-e I p ip-- Fir I i nocd I (
,. t- Jilwrittr :tm ind Imbedded I _)/4- te(et i nt r the c orict et t ur i

Al- tIag go- I leot! y G'ia mat: I ITI f? c cI -dt rIL tIt-d wePro il
i, ,III w i t hi genii-if~ .Il pt iii el c it c i r I t tomr nih theI

tC 'i Ii ,Irig t 'NX"*~z- dirinr bit r id thteri -,wi tihil It-)
I itp I ' ni: iri i i m t t*~ t i tun- m.it p1Iu . i h t to I- ItI 1 1 r i Prif1

Ii ru P et I Pr i o7dor t io c t i at e, the d 'imincmd 1fimpt eia t:ed p1 Io h~ ,I r
Ii I ri i it( k jut trig inos t of th f- -r t I I ig pP cii (IIdm . At ter t hi-

tooi I hi-i tu-'ri dr- L I ed , t huey 1et -P wa - ,,:d ;utrd 1;1p-11A? m ( , Iit r Iturn I-
If -r, t K, irif i .- pped at 1- 1 clot Ievel I aiv ing ci tue sId pI I P)e tCi t tie
41) t tiet -iopen fujr dr at ruge.

I hi ,di i ri p tog r am was_- pet, f ut me~d be I wpen i W Mo y I -- t, .-Indi i

Thimi: [P-v and u(riitto ;f ;, 4 . ') I truet-.i I te it" I. I l )tr J1'L Ig .(
f riie t Lri ivdua Id t -ii ri t-)mIe doit-t md kt c h i-)t I L I i rig

-iI )P T A f NJ I;ROIi Ii I[NU ( Between 0J' J riuat y I md--it (jt F Juo- V--

A i it - I iit t I o i n w, v - t u -a I f (a n P_ thi he I rI )nc It fe , laJ m -trt t -u Iiii I,
Pi I, I 1 7t 1- hP I muu-th uiih ro0-17Ck lorudeft the IJam. Fhi-r or t--u t
,i I r iiA 1 0, i t wit3 zo Laie- , e x t o niu ttiuA ft cmmn f imiruul irniqe f Iit2 v ( t i uIr ' I I- I i Vi I

Vi(- t Iu -II I y i ri ti t ipe tiutrdct t ion trid -zpannred the fij 1 I1 erig th I-Jt f it,
,lI i w hi 1 -nn m ru-i Iri the? ih-u t-imri t, (- V i u r p fr tiji I i: v, r -1g40 t iu- -

f i-i~ It~ I wajiy ivI eva t ri m 1I ? te Set., t firtn It I- t
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htie lito.t iurtt.t ri w.-t,-, ,- veIfw pnd i, ir ii ,o -mc, ,r,,itr , . r
1 rl:  i) ric / -- n h d L A, II I , t h o il " I l:l t , 1--{ ,11 (11 t I'dI '
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,.n, t'I hIw.ctt ( . the ,-p pt p i t ,- t utiimi t with ,i I, t i. v - i r i
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ij.-.Irll he - tc t -,p.t Iril, - t-tt r, t t i lr ethiud q m th h (,,- t Ih fIt ,

S' it " I(-] twI t VI , I i i I Ily ft in t r idir,<o i:'I E,_v, t I -i , -t I t r,,-

int ' i t :ri - ,- " 1 -,' - J)wriwi,t ,1 fI in0 t h I I i b t t u n -) t tif- t t , tr,, -
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-p L ..1v-i ti , , I i i I l ri ,o thet of the t w: htir n,>; Lyirud the
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pi ri 1 iii L.l vlt I i, ViLE roi' ru e thIt_ I- 'iii t jd I tti
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I att'c -t t hiS it hemxifIii r iri" clUi4d f ti ta
tage - ii 5 r ) dur i riq ir (-),A t dr i.i: iri t, i iui arid W,; h it i+
it~ eii r e'-.i I t s- h ad fl u t bc,(,ri -tu h i. eed it t-t'P. I-( Xr tp In mat 1. eY I 5L 'U -

ft i mn -.tf ad b-si in 1-ix7 t (ed -j td ut- I rig q t w, v-on) t i ri ui,-d .i that. ht L.l
af tr Pa~ per jd of timfie dpeIay t cor grouciit inr that tile1 t ci t i P fr, -

h(It ucti. t I-aIt ri L ia st.bd i v i ded i ri te cc I1 ( n L rit ippy ox i IT)ater I y
I t kut in Iuri (tIi t o ft: i Ii t tek: the c-,cri tr tii -t t-tv oP) , a t juni- irid

ii impL v w I h thu i ori t ic t t e-,t-r ic t ionr,, t hit ( dosr il o
pi it 1 U uiitj b pctce :. ine' w ith I i -~P~J p mll pu t u x ifE
11. i rii ll pt i t uri i , 1, t h I i lAr t hiad ci.' - Ip P tu Lii o1 2

tit it .rid ( . ) rp t mop~t y hoc I t-, w it hi r i at se4c t I on) wo-)i- Ii hia rilIF ti
t.yt-,i.qC d vi-, I i)pmerit t co th pb t oii- ton hi (-fthu- c I I hc t illi ut i- thc,

i-si i.rid aidl u11 ( c i-di r i ..1,r- liv'' of tic)ct ti, t I' r~ .z t td. , ~ -~ I a f(
tIIL I rie airi d qp miut- i ngriocpirpa t i.ciri'; tiar q,l tfhe P PeP that tiad beenr

fltuimid u i-i ri c iic r I-? t e p I anc emeri t vi~ f:- t Ii vi dJed i ni t i dI -'; ri t t
mrhiciri, ciAri Ica h p ipm- i ri a cm, It L c) Wd wSt- ri Iu inb p repd and bsde

,J -. t.iri( t pa r t , " '. 1 (1ri (,d a i dr i I I i rig -irid tor octt i riq pp j or- j t y
pp Lia!i y r c ;ri dai y .-- and Ir t- ja:ir y F h phs ho re'. L a,-tig l ed toward-

the IifLe ,b at- tr L w er c d iv id ed initoa thet c c,',I:?e t- iuris -a ir id t hc)s e
I- I I t iowa- t dJ-- t hi', r i gh t. -,but tineni t di.v i ded i. ri to foci ,kse: t ionrs T he

it f k- td i.I rig ar id gr tII t. i ri g cup t i u ris-- t hi, at w ere peF-r t aor mneid a t
i au t.in I.rm w e t o cti d i i, t ed A f f P r t he (- a i ri, age , a r Iry pr tc)q ra in

h i: ter --, i unplc e ed

ISI DPi I L L 1. NG~ AN[D U kOU T f NG P~l R'uI;E DIi F.E; I he pt (.i( iJu L, t ut
e(r- t1 t ki I t thui d all) q grou)lAt r i A t a int wo :' fo I Imi~ o w- ) , i

ali- L Fis-,tl I Iiipp i c-. - initoc t hirise embedde-d pi Pes, w i t h 1n a -ti' tim i ir
L hi tt hiilJb (21-1 Ic'-l grio rte-d as pr imap~i y ho) Lt-,-,; () c: -t up t- fI ti I c

AtI I. itt fho< cpe t it r i., ll tj i o trii e II )ve(?r the- ri iple L iril d JtIIl
I r ir hi thu n o a dvi, p1ugq t y pe 1.be)rt z Li I; i ( Ef X -i z (1 1/2 - rit h

dj t hop :i incit y h( Ioe-1 tci thie ft t -. >toge i. 'u zric 'iirt- hc
Ji-ptt if t tivpn ini ,-a himlin- ccild he: (a t) thie eri t i rer dep t-h ohI thu-
ik,' n ( t ) , pa-. t tja 1, dep t hI a t wh i c h-i a r . pp r ec i ab I I-- aimur tiat At i I I
w-~tI r ha-i d u '~ton o1.-t riedj cer I cos t J u r irig qmdr i. t L irig eI; r ( c. ) a
r t,'et trmirmud shallow dek.pt Li wi. t hiri the fir,-t z ciri e u se I-d t ic):v'~i

pr e'-.,r m trc IP atinen it at the r-n,: k/i:orirt e(.;( c n tac.tt. Th i -hi '1 1:r)w
dep th grout mrg was petcr rmed i Iy u ri - thie pr [~mary t Icf Is I ri t hi4*
f j r -,t two SRc tioris wur ke d ( I a rid t A pr i mairy h iolIe'; a t t he p-Tu t i it

toni,. arid ter t iary hm: I E: i thiEf ti )icridctt i :ir ftc 1. tedj itu u-t
Ma-rio- 1 i th's 110, 11 , a rid I 1:I. A ft terv pr i mart y hiici LcE- w j th i i - r t 1ii in ha'
beeri drilledi t.cn S;tagep f, the dr i Ils were moved to wcrir k i i otr ~hert
sec tinn whir ii was let:a tpd at1 eaS t IlCH) FeePt away itrom thie qt lii t I ri o
opt r at ti ri 1 h i, , me t ho .1 )d at dJr ii i. i rig(: i ri I-m r se- -c It i on r whi, Ic i. qr iii t I r i.1

iri a.irec thuI-r -,eI- :: t i ()n a rid 1. uv i rigc, can omer :sc.tjier betwefari the
,,.ier a t, i, ri, was-- a :,ttAdtr d pr or ediir e dc, i rigi the c up t a; i ri oir oct t i rit~
pp ogpt am -

F i rt -tage hia les i.ri t he dr i 1 led sec t ionr wer c washed , pt E-0suro
toted~ atridj, ifr igtI i, pressiur e cted T hie ic onr t r ac t (.)r fIT t : St

ii(,(I ti 11, j -.hutt cit t vl v es a t t au Chmf d to t heF h ulIe r i i ppic fo li-
pr i -it e t e- t irig rI g ii r i rItAti -IeIop or a o uris Hcewe-ve , t hi I 5



un-.a t L1S ' : tC)r' Y barC F1iJ fv h(~ niipe-L dt ) capeo t-a[r --
writ ppedi jur irto thie dr I I I rI qo pur j t I a-,. ;w Ith i rio ta , 'tit" t
fin ( hnn i c a L parc ker Ari d fd VI rio i f 1. ni t h ( p i p--Inhc'AJde i ri ani t

pr ti)ved tau be t he ma--t -t tit irri t iie t hi)d furt pt -.. u I t et i-rt i (nin

Ar tcar rt jiay ha I a- withinr A -PC [1 i war a -, aq r nut[i-I ti, tt-e
hu 1t ton ( mt)f .- ,ae t in , tht if-u k- riddar y [hru e i t 1,1ct t e( t 1(in w er C

Li). Lij Ly At iI.i led, r ?teste, arid (It )iA t d t I rqi ri.: , -cu r ppl inici
t thu i '- v-ietpiri ned by t'he 1 it -ppa- i nol uiet hod, we-t (?

dIt ,L I -I -tr id or- c)i-NttdI oot [hat d-p th V;of thc ft ir-'t zurn in n~Ii a
inni-iriri irit 1I, t i I i rt t oro z i c t t h:it t -,c< r i wa--c i (il ot o I y
(~I it o' ()11L I ir Icp r (.i i -c- It ai f -c - i va eLy d r iL I inq -rid (Itn.t (- i rio q c
n (, Ji t t onia I doIf-,r) th--.- i n ,-.t n :Is tart the f t , t iril c oi!crid --o . 'z ( ro . _ )t
htin I e.?,--;(- arid t hicri , i fn rec. rt y , ft _zr-iicineii se ionI 10 -a-I0 0 hci jos wr E-
tepenti t nl ;- the "-o:ard iane at the ;Pc. tin urit i L ill :.-c-t i. uri,

L I) on ci t I i oqr ni L i uii- t a-, ir h a d teorn q r c) I A 'i

A t f:, r t h J - i. I I i. r io q.n d qor c)I t i riq a pe rn at 1, c)n s i ri s i doe t Le dr- a I i age P
I ort y had bee_7n coamplIeated , t h e -so r f iC a or-_i hin u t s h I. Locat ed a t
'ih JbIA t ifF-ri t , w erec dr- 1 L1, led ari d r nout - . I t w as ;P) ci i ed i n thep

c t r-A0i t thit the ox ten-- lan of the oir-o-ut icu-r-ta in I aridward from the
11riP d--[ Mt.ro)iujt h 1 a-rid It. woulId be ic campl1i shed by dri 1 1i rigtrid
or ao t rioi hh- I'' V:m t he top a: f r or k sot tAos e I ? liwevte r , bec::ause at

an (-) r - r iii t i o n rt io i it y , t hie c a-)n t r a:c t cit r ; ouie-ctwd arid t ace ived
Pe min-i an toi per form this; workI after cnrstri-o- t on)r in I-h-ce a-ca
tiid t1 ei- hod (It i rio I i ta d c- Thu-si ( mc)id i. t j (ci-tt i curn a, trc. riijm btr - ot ta i c

[ ti ,it i ()n -,A-il I i rio ia n q-L aid Ad itL i a (.1. de P t h-c wa-c_ to be o )r- -i i t
ro , ddJi t i can'rod I . to the onir merit .

D uti r ri tha i-j a c 1 r iiotrut i n q p t-(qtiafln , q r~i o uLin i x~' we( t i -> on t h
p r ic (,~ i r ia CIL41tiPr In--- t 'aIt n (Larat atlly , i f t i - waiter i ac( tt on
a.0u -.- t qr d eiu' 1---, t hurin I -t . in - dout iric(i r[huc tes t, Orrni i r in W(ii u

huor i wrjji t h a w a ttr-mo-(_enert r aI~c t i 2n -t,5 Ly wu o iqh t Itf tie watert
L 'lot' ii' n r io xi chedd 1.i a IF:witto -c ounerit t .-it i uwj W-,
u' rhI i ni t i-nI [y - IDor iriot he cIi orooti rio- i rnoor-a i, thitu r -tit ofit ut

in ii- t I icr wi--- Lnint irUO~uI~ y mon i tui-d anrd [ho wat(, r-t omeni t itL:

/-102MIXES - The or-au t m i Y.c- tha t were - i-co d c ur) 1 ,, t eli
I1) Wa tepr- obta irned ft Pam the Wen t F or- k H i ver ari me te;r t A a t
i tor t he _72 r:uibic tauot ci apac V y ,dciubl -. - tub in ix-' Int i t i --t I Iv

Io aDc, te od tb- L dF t he p t iqh tt r a in i io wi i ri d I ait t-r inonve k- Ii ti-, Lot r
-Ide,; a-). the -.Maller mobile. p, i coub ic tococ)t mni xek-r oale t i-1r i -ide '
thio dri ri~qo Ia ler-y. Which iixer to he u-sail deporiiod upon)r
An tri Lr i r-i IM oular t j t c-c ct or- crou niedfd ; arid (2'n) t_'mnen t i yrito I
ti irrii h i-I i ~41 I to-. 'ago-c- rF.,e c t inmPri t wa _-. ~h i pp e d toc t h- a i pr a t o t,

I[I I Kcid bo :-t r ind .t ur-d j r i a 4 0 ) iicit trt a i Ir w a t tak-,d t't, - I k
th or ut muLin irio ( P .p1 nrt rH- t h "( qr-:)i At ta' c)to (- m ixed in ri-tht-
-un-u I (,r ini~a I aii a te p 1J r i jde t he d r a i ruoo o . (a I : re y * io n rit w, ' - ti t,
<I it 'I l T- o 1-uat ul xir-

-I to . -I '' t I i u i t it I ILL H I , tucoii t - Wo , , r~'on t ir '- --t t i' i r.



groui~t hoIEIS ari d 2, cub (it IC tOP- t rI [_- I:0 i ds. (cE.rm t ) we-t a P1 ac cOd in
the 15 , 55,0. 2 1 ine ri fc I e It af ho I(--, Jr LrILed trw t he (Io it ur ti ti
pr togqr a:tm foc)r an aijV er ti - )f ip p roux i m a t cl1 y ( ). 14 r rib i c f ee!t p r 1I i realt

ti r Jr ill led .Th i a -ver iqe was.oi';' n- i der- abit Iy I t52 t, rh at t he .iver-t
-:0 1 c f/ ft )es t Ima t Id foup t h j- r ntrvar t-

7--O - FX PLC'RATORY. A (,iNG!i -- When ir are-:a o -I) the o iout crr ta i
hd been (,c iimp L f- t ed, the et fec tIvre i U the grOU itingrpe t n

ca :hc:ked by (ir LII trigi and pr ess-ur e tes;t irigj an ''NX"'

fexp I rratory icire' ba~wri m lotated with in the (it u t c uor ta i n E iqh t
ouch briig, w i h ai: c tried tril ) ' i 50-.4 lirneal feHet , wcf-,r t,

dit I I e d arid( t esct r,'d dari i rig.- t he g r ou At c ur t a i n p rogrqta m r es ul.t in ri Iri
rio ';uppriomn to I orA i u~t irig r eqgo' i. revd . FSee Apperidi x 10- If t

A i c j o ria 1. d e tatjA c c) ti c Fvn ig thtie c ur t ai r gciu t' p? jroga m-

/ WER -- U MFRVD[0.15_ FEILL - Compac te.d imperviicius fillI wais used in
heti t c'mporar y S-t agep I co )ff er dam construct. icir . T his t iI mter ia l

was, p 1,it. ed in the (dry r-iri pr epar edc , c: lean roe) k uf ace and paymeri t
fo m:t 1atErial a 1 -nd p1I at: emen t was inrc Iluded in the. in i t pr ice f or
cct fersjai i~coristrin;12 iliri

As a permanient feaiture, imperviou-s material. consisEting of sandy
lay or clivy sand was, used for the-: fill. tie-in on the left bank

beatween Mcinoiith it-. arid the rock surftac e. The mater iial fcir this-
i inpe r v 1nu'; P l was, p1 or i-d in c oimpti:: ted , fthi ri ayer fr-rim(

Sp pr ciax ima t e -' £- eva t t i)n 1602 toL I 1J0 . Atf t' c ompac tsion , mi -t it
cnntort wasV chec(ked for the_ rogi id plu as or finuns' S peten tci

p Ft i mum - I , /14 ( o i c y ar (s cit i rnptervii Hj fill wo p1tjc-d dot 1 ri '

H/ / RANICiM RACKFILLL - Ra:mndom Liar kfill. which wa-. p iai: d .i the
,ri 'a, be tw-er permanriit cociist risc-t i cinard the exc a-vatefd r ork Iop'
(iris 1st ed cit ext a:va tepd roctk s;pa i.l irad t aries of '>;aridy rAVC tvI ~.

,_rid wa-. p laced in maxiamum IH- inch how iLoritat I ayer';-l No
( aiflpai t ion was required in arasbtween the 'sps-tr earnm fa e oif the

da~m monoli ths anti the exc ava ted rck Ioe

Cither random backfi I I use I_ in t he- pe:rmanentfctire orasn
c orisisted of any and all ty/pes- iof oxr avatcid pi-rv tiinat:i a 1tia1t
wasz- sui table for compacte-d stbil.tub,95 hi c yairdJc.cit
random backfill was p laced dow moq the dam:tf c ons;tI or ion -



-Th!T Io N V1 I I

I l 1 RI.JME:N FA f T IN

II I G]FNFRAL I I t' t '.Lm-re tA i on i r,-t a- L ,- du i r q darn
k ir'.t J. t ii t ilt tri ot t hi' 'tal: i I I t y ctf t Ie 's t I, ut 1-2 c n r i ,t ,,

I tp L I- t- r, , t.,r-I II I .s,, innd hor .zrnital. i ri,A v.-,r t- I a -ri tron 1.

t Il I rFW ' (" . ..RE: VEt.L,S A tota l f ej ihte ,r ( : ) lipL t t
t ,I e, - lI'-. wn,) I ns,:t a Led, i x (t-,) [-,oA h i n MIr-n f t-h,o >,, :-:, And --

I, at ter ti na! t o-id:it t on p IePara ir wt-s jopn I Pt ed - c r pt t i

M( i (Ith L,' i ri wh i rh L c-i at i on aind i I L depth for -WIme 1, 1- w, on,
lomd i t ].i j teI -lr-e t f the f"aau It that t t ansversed the foorida t i rr , t h-

d n , -I . I i n,, i ta l.a t i on procc ed r I? was a- fe I lw', ( 1) aIt Ier tfi
, I I .it .:1 t orst-. -wre m- eed and approved, an a i r-- t t a Ck r ill ucirg

, p I i.iq b t dt i I I itd A, 4-- tnt h d tain -ter hole 4 fPet i n to the
fcrdat jufr: (2) in ,c.lott-,d tee pipe wal- : entered .at the hole and
Ih, hl f L I I w i, th Ni. c,- q ravel (;) a wooden box was set nn
th- tnourdat I on ,ut f ice ariund thr, hole, fil1ed wi t h gravel ari d

.rl( I -(,rd wi thi a top; (4) the box was coverfid with at least
i rI- h'- iit I'Iri t-lin t I-,t e,; (5) 1.e ngtlhs of Sr h ed u1e I1'2( PVC pipe were
r an t( im t hi t -,r: t ori protruding t rom thei: ei I bnx to a point.
,ji Ir I y be, rr-t h the re ad.Jrq ,--tation arid extended vet tic ally
.ipInJ, I ,Jut d iion ir r cnr rete Lt it pL ac:e-ments to a ret e.s- [li: ted ir th-

* i ri,-iqo-e oti ltoty <-irid ((-,) ptot eit t i'd At the read it J at ori L-v
..tor, I p i po the x-,t ig e,,nd, of the PVC Pipe were c apped w iH
,-h it I i if k -t i r Inip I oI k r o riinc rt c r.

Fl i n, i t hl- Jr II-a i ri cirolut rig i-ipI-t< it I r , an r i ttInp t w, , idA,' r,
:' )lI t th i ritogr ty rf thie.e (e l I b y : heP-ko I r Iq t or t- LI qa[I ',

f iit u,.it i in whm-n , t lr p -r r?, - Ie test 1riq grIiit hiCe, f- Lri I-he

I i rit y , r id (.:') ,-tpPlyir a ,steady air pre.-,ui r e , o.- I.1,-1 t-
(it 1'i t Io pr I - ',r I., t) app lit ab ie i:e I- whieri ,rou t. jno w,.a- h i ri(I

r 1-,' ftt rt,,' I r the immedi7ite- vjir. u r ty

- 02 HCJRI ZQiNTAL AND VER I [CAL IN.TROI. - At te- rm lP t ori
th e dam con struc:tiorl , the, ont at :i tot I nt aIled I e-. i ciqrinmrit p ,' q.
rne i n the approx ma to i: e e IF ea, lh Inioiio I L th , arid 4 r,thireric ,

irmlijmerlt<, two or earh -but merit .

Puncirhirig arid initi r firdino, t-or the'-,e d I Lgtmr-rit r, ig': w-re

pe, ft )t med by the g?1ove rimert

. ~~~~~~I I iiii ''ii•i i~i•im



';(r;1 ION Ix

It FAIIL F /,)NF - Whieni tlii qrniut. j td ~i w,-tp-. Hnr-ttu [(-i i ti-- I
Mf)rc) iC II L' 7, rJ L,, i , qrilif - t fi''-, wi-.re It;-.- thisi1n i-ppvihH

h -. vjv pi, ihabt I y June ti thca j 1per vi) oIi mat r Ix it the oiqr t I ILedj

-it I frt it t h t tu-tiiv ,-: t ricnt irit i i pa ti 1 pr t ):in i

h -oir.~ oI , imi Ar ii re- t i 4 ) i riH.?ro h prt hp -r t t F-iin I r fE c-h Ie i r i tI c) t h r
lr i ,rtat j oqi I I d r I y c tuSe ntPntjaI p m i i )oI m IrIJ

i I - ,F (MM N F lit r1riii1tr-u 'F ATiTi._NS -- '~)--c mrurii ti: inrq ot

I A riJ,1t LUFi Ir II- I hiu P f IiC.)w'- dJur tniq i 1ti,: I fill Iing cif dam anud
Ii u t ri q P)E e t d -, f h i i h F)f~ c) c -1

LF;> !F IA13I IYMLN I (VFRIBUjRDEN - The -stabiIi ty cnf the o:ver burd(eri
(in thi- lo nt itiiei ,tu ii-irq cr iri t i.riui- fa zti S I- r in t he c ut

I i p~wt v Ii~i tlia m da i-orist -ret ori - I f thtis iciverburujeri
liiivpiieri t in ririucet: , the ?tsutItari -1 '1 rip taj lur e will present
pl p )b I i-,m, -, w I th t I EPain t-iu t f t r i ( r et e g ut ter? a I cin ( thi darJ tn zl r
? i,Id ,IncAI , Ir I t he :- _ a e i.f ':i m a-irro tfai I. u r e , hiI o(, kaqe of aiL pxj ciad,
.inil/ri pitir i~ I (,) l t.

1 ! -Ill P[ I 'IMME NNt 1) !.B -;F RVA T r r'NS I riD Ii- 11. in rd Tin )ri t n r
th I I i I hici r 1 7~ t l r ri ,I itr u i )iP -ti Ictriri Ii t iflA I i iic

it( ri I i I nr i, I o -i

c):0
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HR''NC'L uGl.L;AL S[-t.J[NCF HF DE 5ItjN MFM( 'RANDA

D[-;[EGN MFM(-)ANDA SUBMI T TED APPR(ViD

General De-.i qri .'UL Ja n 1 .3 Mjy /,

Hno<I b:,t<ate Dm Site, Reservoir and
Pub]ic Access rCid Use Areas 15 May 70 Aug /I

0Supp1ement No. 1 - Land Needed tor
Relocation of Equitable Gas
Company's Compressor Station 7 May 71 1/ Aug 71

S-'upplement No. S ec tion of State
of West Virglri,nia Rnute 0 ii' t 71 I Jan 72

t:,.pp emer t No. 3 - Real Estate
Iso I t ed Land 24 Jar 7'4 1 Feb 79

,upplement No. 4 Real Estate
Io, I a ted Land 4 Dec /;:; 21 De. /-

Re oc at tori (t fqu i table Ga5 Company-
UIwrned ;kin C-r eek Iomresor Stat ior
,krid UConnec t irq P ipeline-, '4 Ji1 /1) 2,4 Aug /

Relocj ttwior at U.. Route 'o It (.Oc t /J 8 D:er , 7

tiJi.ties Re'locations - Part I - Gas.
Wet I , L tnes & Appurtenant Fac ilities 15 Feb 74 '- Junr 74

iltil itie; Rpelocations - Part II - Power
a:rd Telephone Lines L'o Oc:t /'8 ,- Nov /I-.

Feature Design Memorandum - Relocatiori
of Baltimore and Ohio Railroad 17 May 74 . .ul 74

1 eature Design Memorandum - Re Location
ot Route 30 Section 2 & Remaining
1Ai.hways 23 Mar 7'9 4 Jun 7'

Dam and Appurtenainces L Feb :::0 .2/ Mat :-0

[etiJqri Menirn randuin No . 7 (Master Plan) "I Sep x, 2. Nov :2

IA- ]



STO0NEWALL JACKSON LAKE
H WEST FORK RIVER

WEST VIRGINIA

DAM AND AlPURrENANCES-

PERTINENT D)ATE

Authorizatio ................----- lood Control Act at 7 November 1977
(PL :370, 9th Congress)

Purpose.-.-----....---Flood Control, Water Supply, Water Q-uality arid
Re(: ea t ion

Loti(or () Dam on West Fork River, miles upstream of Fairmonit,
West Virgiir~a----------------------------------------------------73

[)rainiaqe Area------------------------------------------------------102
Fype of Dam-------------Con(-rete gIravity with uncontrolled spiliwy

Lengqth of [Dam, feet ...........................................-----
Height oif Dam (above streambed) , feet------------------------------5
,:p1iway t-r-roth (uncontrolled concrete o qe,- feet--------------11I

L~aatoni~,feet, inst
lop ot Dam------------------------------------------------------1102-0
F toa).)d U orn t rot Poo.)L) ( ')p L Iw ay C re St )-------------------------.... -

Winter Pol--------------------------------------------------------06::-2
Minimum Pool----------------------------------------------------10 38'. 5
S, acmbed-------------------------------------------------------100/.0
Flood of Record (June 1950)------------------------------------1027. 0
Sitandard Project Flood---------------------------------------10 64:
Spillway Design Flood---------------------------------------.....

Re -servoir Area. acres
Full Flood Control Pool------------------------------------- -,4/C0
ISummer Pool---------------------------------------------------------2,t.50
Wiriter Pool-----------------------------------------------------2,150

Res e rvoqi r, S t o~ acre f e et

Winter Ftood Control........................................ .... 6,55::0

L-ow F low Augmentation (maximum available)................... 45, 050
Minimum Pool.................................................... : .. )
lo)tal Volume----------------------------------------------------74,t,50

Ma~x imum ioutflow, c ts;..



P tood of Record (June -- -- - -- - -- -- - -- - -- -~2-30O
t a ndard Project Flood ................... 7,0125
Spillway Design Flood .. . . . . . . . . . . . . . . . . .-. ! 0C

+Low F]low Augmen tation Ou t I.tts Clo sed

S-ipit [lw ay
Iyp................................................-----Unc on t rol lIed
Crest eleviation, inst-------------------------------------------1 0:3-:2 ~0
Length, fet----------------------------------------------------117
Width of Piers, feet---------------------------------------------4
E.ffective Length, teet-----------------------------------------10 5
Des ign Flood Di-.t .harqe Capacity, cfs--------------------------27,8,00J

(-ut1.e t Wo r ks
Nuinbet cf Flood Con trol Sluices------------------------------

rNumber of Water (W)ality Control Sluices---------------------
Size of Flood Control Sluices, feet.----------------------5 x 7.0
Invert. of Flood Control Sluices, msl--------------------------1014.0
s .ze ot WU)-C 'Sluice, feet--------...-------------------------5 x 4.0
Envert of W(WC Sluice, msl--------------------------------------101:3.0

S tillingq Ra5,ir
eLrig-th, feet-----------------------------------------------------71

Width, feet------------------------------------------------------117
Elevation ot Floor, ins]-----------------------------------------10 C.05
Fle,Ivatiorin of Top of End Sill, msl-----------------------------1010-0
Flevation of Top of Training Wall, msl-------------------------50. L)

f B-2]
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S.I.)NEWALL. JACKSON LAKE PROJECT
MAJOR CONSTRUCTIO.N CONTRACTS

I.ontract NO.
)ACW59- Desc r i p t i on Con t r ac tor Comp I e ted

/:3-C-0065 Relocate Rt. 30-1 J. F. A I len Jurle :-o
-C-0015 Relocate Rt. 19-1. Weiss Bro- Aug. ;--:4

-C-021 Re locate Rt.. 14-2 J.F. Al len June :4
C---00;24 Dri ll New Stor ale Wells Alan Stone Nov. ,_,

• (:;-OtN105 Do m Ac e.s Road A lan Stone Dec. ;-3
SC -t00GZ Relocate Rt. V'-3 Weiss Bro. Oc t. 84

:',3-C-004:, F-qu.table 13', , J.F. Allen Jan. 84
Acess Roads I

:::-C-0053 Dam J. F - Al] en & Inc omp.
Wiley N. Jacksorn

2:4-C---0075 Roanoke School F- Din iaco & Sons Jul. 8 6
.:4---0078 Pluq uld Storage Well s N.R.M. Nov. 84
-:4--C- ::: Relocate Rt. 30-2 J.F. Allen Dec . :::6
::5 --C-0024 Rolocate Rt. .0--:) J-F. Allen Nov. 8t,
8.5 -C -{, f--qui t abl[e Gas Vi k ing Coal Oc t.

Access Roads 11
:45 -05:3 B & 0 Railroad J. F- . A Lien Oct. t,

Relocate Rt. 44 1.F. Allen Incomp.
-C -- 04'0 Fqu itable Gas , A. F. 4 llen In(: omp.

Ac cess Roads III
-:--00: Matint. Complex Guy Johnson Const. [nc:omp.
C-)O Reservoir Clearing RobbinsviJle Corst Irncomp.

[U:- II
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GU VERNMEN T PERSONNEL

P LI TSBURHGH DISTRT T iuFF [CE

)p- i ri ............................... Joe Cnietti (Branch (Lhiet)
Pro i t Mniaqcr .r...................... . ihn Gribar
Arc hite t -- ----------------------------- Bernie Weiner
Struct'r l t i-Enq ier-t ................... G_us Rafnbo
Me h ri it iI n ieer -- ................... Dave Fitzqerald
t- fec tr I: I n-neet. ...........-.-.-.-.... Mark Zelkovic
Geoloqy .................... ...... Marshall. Fausold (Brarci h Chief)

Stuart Long, Robert John
Ir t hn- t Lor ..-.............. .... . Tom Chur [L la

!:f!N ; fRLCT I)N - HUNTINGT-)N DISTRICT oFFICE
RESIDENT ENGINEER u-)FFV P+

i Jerir F ri r r .........-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.... Wi I I aam F - Wondburn
Run iLd C . Hat r ,

A''-., t . '- 1 dort r riq 1 neer ...................... Gordon Loud in
Stf ii mi i ri r -.............-.................. C . F. DaiIey

M,-itel, iit Frngine inq Technic in ..r.----------------R. C. Y ourn I
I ivi I [ nqin e,,r TPc hnic jan ..................... .. --. C. Lowther
GOe) L(-(- --, -...................... -.............. Dav id Nuqen

-;upetv]Icry : -ntrIiction Representative ..... William "Red" Hamric
L on,.truJr t ir Repre .entative ................... Dale Sinith
vcnmt 11c tion o r spectors ....................... W1yne L'mi th

C. F- Parrotte
G L -. Wdrrier
H. W. Harr is
W. G. K i sner

'orstructoni Secretary .................. ...... Marsha Lloyd

fD-i I



CO(,N ,RAC O-R,'S PEC.RSONNEL

J 4 L. LN COMPANY & WILEY N . JACKSON CO-(-MPANY

Pr c) 1 t Mainager-------------------------------------. ..I (nu Hut cher-(
Projic:t Mariier-------------------------------- ------. hi Kibler-
Project Eritnr---------------------------------------Emil Ito Men den ilIlla
Partty CIhief----------------------------------------Dewey Moore
Ma-,ster- Me( hani i.-------------------------------------------Add e H icks

Gary Bosely
liii I it y in I t (A L .-..-.--.-..-.--.-..-.--.-.--.-..-.--.-..-.--.-. Edward PaoqCh

Ger-ald Car-ter
Wai I tePr- Gord (on
Randy RoW-ini

H J~oNRACFORBASIL:D_ AREA OF WOjRK

Be 1 ot Hoy atch P Ian t/Corctretc
Barne, aid Bras Hletc-citans F- le. pc tt a I
Vi V iriq f -ibt ict ators-, Inc . Metal Wor-k
[nii':.-t ia L 1On If trio & Nlumbingo Cis> I-ydr .itu ic,./PlwI biri3
Air tL~ P I i nerit Cemen t C Prot fec t ti mc)t R'cm kV 'iart fa.t
Kr uL.Jri Pr t'-;'ijr 0t ~tino Co - 4 Dia EpoaoyCr
H - H_ Mcn t & . nin:, Irc . c Dia- F xplora,-to-r yCo
P-nosy I van a . Dr- i I I moq Co. - F unda t tori Groii it ri
t.er t ut i a Il orciuc ts Corp - Prepstressed iLorc rete- Beamt.
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CONIRAL:TI)R.'.% L-(ALIPMENI

CU H AAL N 1- Rk I J CUL K SM

LURANL: 5 -R ICKS;

' -- 4' Amer I ct- ri 4 _or Lc rete tr-"c kS

-.' 0 Amer c .3i- i,'- Cat. (back dump)

,:)_;Co0 Manitowoc - F lat. bed

- 12 I rDve L - F--/()J( Ford

I v,0 Grove I F- uel truck
L Grease truck

- Mack dump truck
1 -- Mechanic '; truck
I - Water truck

tu Z f, - S SCRAPERS

1 V -- - , it 4 - .,31 Cat

1 - D-,-) 4~ aSD--,K C~at -)Ri LL S
i D-:- :K C ,t

1 -- [) :. d cat I - [)avey
.'a- 1Toy Air rrdc kt.

FNDL_ ADERS MIS.) -C

'400 Cat - Vibratory roller

L 977 Cat L - Sheep-foot roller

I - 9.D Cat I - 570 Grader
- Water blaster

BAC!KHOE Light plants
Hand tools

L - 235 Cat

[F-If
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DATE

COMPUTATION SHEET
PAGE 1 0P 2 PAGES

SUBJ ECT

FOUNDING ELEVATIONS - STONEWALL JACKSON DAM
COMPUTATION -

STAGE I CONSTRUCTION

COMPUTED BY CHECKED a "Y

Mono. Width Length wrEAmv expToIREwSV RrVL. Av.
%OuV0 SIBOQIN4 POjNO, MMO. 1 )ouNO.

No. Description Feet Feet ELEV. r46. ELaV. ATe ELeV.

1 Dam Monolith 25' 41.14 1046 217 1045 3-5-84 1045

2 Dam Monolith 40' 59.30 1025 216 1022 '3-5-84 1022

3 Dam Monolith 40' 80.16 997 215 995.6 3-5-84 996.6

4 Dam Monolith 40' 80.16 997 214 995.6 3-5-84 995.6

5 Dam Monolith 45' 98.30 989 213 987.4 13-5-84 987.4
201

6 Dam Monolith 35' 98.30 989 212 987.4 3-15-841 987.4

7 Dam Monolith 35' 100.54 985 211 985 13-15-84 985

8 Dam Monolith 35' 100.54 985 202 985 13-15-841 985

9 Dam Monolith 45' 100.54 985 210 985 3-15-841 985

17 Rt. Training Wall 26' 16.67 998 - 997.3 4-5-84 997.5

18 Rt. TraininQ Wall 26' 21.00 998 - 997.3 4-5-84 997

19 Rt. Training Wall 26' 31.00 998 - 997.3 4-5-84 97

20 Lt. Training Wall 22.50' 16.00 998 - 996.8 4-5-84 998.3

21 Lt. Training Wall 22.50' 21.00 998 - 996.8 4-5-84 997.0

22 Lt. Training Wall 22.50' 31.00 998 - 996.8 4-5-84 996.8
220 phone

-- Stilling Basin 105' 58.00 998 221 997± 4-25-841 997.3
220 1

-- End Sill Key 105' 3.33 992 221 992 6-11-84 992

-- Stilling Basin Slab 105' 20.00 998± - - 6-11-84! 998i

ORN FODEC44 437 (H-1)



OAT£

COMPUTAITION SHEET

IPAGS 2 0 F 2 PAGES
s'ue.; CC T

FOUNDING ELEVATIONS - STONEWALL JACKSON DAM

COM&P T I O ,N iN3

STAGE II CONSTRUCTION

COMPUTED BY CHECKED dy

Mono.- Width Length TrN1T% XPR. R[EvsEV 7 RE. ' A ,,i ou4D. SoR114G covt4o. mf,C. iFOUJO
No. Description Feet Feet E-LEV. NO, ELEV.I DA-to eI.

10 Dam Monolith 40' 88.54 985 209 985 9-5-84 983.9

ii Dam Monolith 40' 88.54 987 208 985 9-5-84 985.1
99 1207,218

12 Dam Monolith 40' 84.60 990 219 990 9-12-841 --
207 add.

13 Dam Monolith 40' 76.69 1018 219 drillinc[9-5-84 --
203

14 Dam Monolith 40' 55.35 1027 206 1027 19-5-84 1025.4

15 Dam Monolith 40' 45.09 1040 204 1040 i9-5-84 1038.7

16 Dam Monolith 40' 29.29 1058 205 1060 i9-5-84 1060

ADDITIONAL 4 INCH DIAZETER BOING

visual
12 Dan Monolith .... 990 inspectj 985 -17-85 -

1222,223
13 Dam Monolith .... 1018 1224,225 1000 12-5-84 998.5

226

ADDITIONAL 6 INCH DIAI1 TER BOILINGS

227,228
12 Dam Monolith .... 985 229,230 985 5-13-85 984.8

231

_ _ __ _ _ _ _ _ _ _ _ _ 1 _

ORN FOd
7 0DE C4 LX37 (H-2)
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OHRI.NI)l.1)131 CIA.. SF EJ NCE: OF CONSITRUC(T [UN

)a te F ven t

C_1I Aug. -i Start nverburJder ex cavat ion It . abijtmen t
:4 Aug t tart c k anchor stabi I zatiorl program

2; Sept :J Star t c lear ing on rt.. abutment
2, Sept 3 Start presplit dr-j lirig for diversion channel
10 ct. ,-3 Mobil ize fnr fibercrete treatment in div. channel

]. (ct. Divert r ver through diversion channel

Oft, Dec 3 FxrTavate for" concrete batch plant footers3
17 Jan :-:4 Mobilize on rt. abut- for 4" dia. explor - borings
,2 Feb ',4 Prespl it. For retainiing wa.1 - rt . abutmen t
01 Mar. 34 Dril presplit for Monolith 1
10 Mar. :.4 Drill prespli t for Monolith 10
?0 Mar :-:4 Start spraying celtite 42-51 epoxy sealer or

rock c.ut.s
27 Ma.r -_4 Start installinq chain link fabric or rock slnpes
[2 Apr -:4 Complete 4" dia. exploratory driILing pr ogram
It, Apr . :-4 Clean foun d . Mono - I; cover w/pIastic: & s sand
23 Apr. 4 Exc avate sump in Mono. 10; 5 ft. below founding

elevat ion
03 May :,14 Clean and cover Monolith 2 foundation
23 May '-4 Place crusher--r un stone pad on st il ling basin

foun da t i on
2 4 May :-:4 Start performance test on concrete mixer
2$ May :4 Clean and (over Monolith 3 foundation

1 May :::4 Fibercrete red clay seam at end of Monolith it.,
04 June ::4 Backfill sump in Mono. '9/LO found.; 24 cy conc.
U4 June '4 Place 1st l ift c onc. .n Mono. 21 (training wall)
05 June ;8::4 Place 2 c, derital concrete in MonoLith '

)it June 84 Place ist lift concrete in Monolith '
1:3: June 34 Place .,t lift concrete in Monolith 22
12 June 84 Place Ist if t con crete in, Monolith 7
L5 June 84 22 cy plug4 concrete in Monolith f,
.- June 84 Install uplift cells in Monolith 5
27 June :34 Place 1st li.ft concrete in Monolith S
03 Jul1.y 8:34 Place 1st lift coric rete i n Monolith 3
07 July :.'4 Install up] ift cells in Monolith ,
10 July ;,4 Pl ne 1st lift ( or cncrete in Mor o 1ith ',
•2 July ;::4 Place 1st .Lift concrete in Monolith
27 Ju. y 8-4 Pltce I1It lift corcrete in Monolith 20
l6 Aug. 8 4 PLace 1st. Lift c:oncrete in Monolith 4
O-, Sept :4 Pl ace I st.l. ift c:onc rete in Mono] I th 2.

'2 'ept ::4 Place 2 - materi a I ver Mono - 4 W, elev. 1.1112..S
L14 Oct. -:4 D.) t i 1 1. and i nsta] 1, anc-hors in stilli.rg bas . in

LI -11



1 1. O-)ct. 4 Mobilize for 1additional 4" expior. borirqS,
(Crown)

15 Oc t. 84 Place 1st. section( of st I I g b .n:q in t I oor
1 / Oct. -84 Place 1s--t lift concrete in Monolith L
UI Nov. k-:4 Place ist lift concrete in Mornl ith 1-I
-)t, Nov. :-:4 P lace 1st Li ft concrete in Monolith I -;

0:-: Nov. ',24 Plac~e 1st lift concrete in Monolith 17
30 N(-)v. ::4 Startt line drillirg for Monolith 15/It, fc e
06. Der :4 Place ]t. side of stilling basin aprnn
1.3 Dec: -:4 Place rt. side of stilling basin apron
21 Dec: ::4 Shut down operations for holidays
117 Jan :-:5 Cont inu- operat ions
I_i, Jan c;5 PLac e impervious fill for u/s Staqe 1I coffPrdam
15 Feb. 25 Plac-e impervious fill for d/s Stage II cofferdam
05 Mar -::5 Clean and covet- Monolith 15 foundatior

07 Mar :H 5 Staae II diversion through Monolith 4
03 Apt z; 5 Final produc tion shot: Monoliths 10/il
05 Apr :::5 Drill stilling basin drain holes
15 Aptr -:5 Compl. drilling & backfill stilling basin

drain holes
20 Apr . :',5 Plac e 1st lift. concrete in Monolith 10
24 Apt. ,-:5 PIace 4: cy dental concrete in Monolit.h 11
01 May ::5 Plae 1st lift. concrete in Monolith 11
10 Ma y : :5 t:-" dia. explor, drilling in Mono. 12:

Motts & Sons
14 May ::5 Complete 6" dia. exploratory drilling
17 May :_:5 Place ' 2 c y of dental concrete in Monolith ]
2 May :;5 Install uplift pressure cells in Monolith 12

24 May ,-5 PLace ist lift concrete in Monolith 12
07 .Jure 85 P Lac e 1st IL ft c oncrete in Morolith 13
1 July :-:5 PIace 1st lift c oncrete in Monolith 14
l Jo ly ::,'3 P lace 1st. lift c:onc-rete in Monolith 15

0::: Aug. ::5 Pac e rt. abutment training wall
It Aug. :-',5 Place rt.. abutment service rd. tie-in: corc. plug
10 Sept :'5 Place 1st. lift concrete in Monolith it,
2 7 Sept ,,5 Clean-up stilling basin

I0 Oct. :-;5 Divert river through dam sluices
03 Nov. :25 Rain: start of high water period
Oq Jan. 86 Start grout curtain program: drainage gallery
U (: Apr. 86 Start placing impervious plug for It. abut.

tie-in
114 June 'H6 Completed curtain grouting program
0,1: July ,- Start dismantling concrete batch plant

July I Y Last major concrete placement: pylon building

1 l-2 1
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CLRTAIN GROIT1NG

UBJ ELT PAGE

qu i p ert t..................................... J - f--JI quipmernt - , - j-j i

;. Nomeric tat-ure . .................................. J- 12

(1 ) Work Se ction: Hole Location ................... J-13 - J-14

(4) rxp [or tto y Bor ncls ........................... J-15

(5) Dtatp _tlca1 Data .............................. J- , - J-95

(J- 1)



CU RTAIN GRQLUT.ING

S.(.4! [ P m.EN.T

DR I L.

No. Type Model Brar,,

1-4 E ec: t r i c: COM-IJ Craelus1-4 Air 60 CP
t Rotary Mobile (surface holes)

B.1 TS:

Type Si ze LUJs

Pug 1 -1/2 in. (EX) Grout hoLesDrag 1-112 in. Grout holesr r arar.? 1- c 5/ . in. Drain holesPiuq / in. Drain holesDiamon d3 in. (NX) Drain holesDi~amncr i in. (NX) Exploratory

GRa I.J PLAN -:

No. Capacity Model Brand

1 76 CF Speu:i,: [ made - dual tubs1. 5.6 CF CG-5;25--F Cem(it Olut

G R OU.lJT PUMPS:

No. Capac i ty Model Bt and

1 5.2 ;a I/O0 rev. 5Lt, MaCaYN()
S1s.: qal/0 rev. 6PIO MOYNO

1. urout Iini-es - 1-;5/:: in. I .D.

(J-2)



2. Gages - 0-0 psi rnrge
3. Water meter - American
4. Water source - West Fork River
5. Cement - Type I - '4 A). Ibaq, (.,restar)

(J-3)



Spare parts list for (

CDM Concrete drilfing machine
Reservdelsf6rteckning fr.

CDM Betongborrningsmaskil.

CONTENTS Page:

Concrete drilling machine

Concrete drilling'machine CDH-F

Concrete drilling machine CDH-Hini

Base, vith tilt mechanism
Base, mini
Suction pad
Carriage assembly
Pivoting head assembly
Gear box' 0 o

' Drive unit, e ~~if.4
Drive unit 44

Drive unit, ajr-W-A
Drive unit, 22E

Pillar 1,5. ,compl.

OPTIORAL EQUrnffJF

Bass with fixed taper
Crosbar support
Suppe"t less
Pillars

DRILL USED FOR DRILLING GROUT &

DRAIN HOLES.
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;, CG-525-E

S/N 85-689-3L6-E

ELECTRIC GROUT PLANT

OPERATING AND MAINTENANCE

INSTRUCTIONS,

WITH

PARTS LIST

(J- 5)



CG-525-E

COMPONENT PARTS LIST

GROUT PUMP

Robbins & Myers, Moyno or CDQ

POWER TRANSMISSION COMPONENTS

Mixer Drive: Morse 18GCV, 15"l right angle worm gear drive

Pump Sheave: Browning 2BK140 x/H x 3/4 bushing

Motor Sheave: Browning 2BK30 X 1-1/8

Drive Belts: Gates (or equal) 5L570

ELECTRICAL COMPONENTS

230/460 VAC THREE PHASE

Pump Drive Motor: Dayton 3N558, 5 H.P., 1740 RPM, NEMA
182T Frame. Pull load amperage a 13.0 6 230V, 6.5 * 6oV.

0 Pump Motor Starter (230V.): Allen-Bradley 509-BDD (NEMA
Size 00) with W55 heaters for 230V. and W47 heaters for
460V.

Mixer DriVe Motor: Dayton 3N255F 1 H.P., 1725 RPM, NEMA
56C Frame. Full Load Amperage: 4.6 0 230V., 2.3 1 460V.

9 Mixer Motor Starter: Allen-Bradley 509-TOD (NEMA Size 00)
with W45 heaters for 230V. and W37 heaters for 460V.

All other component parts as described on parts diagram, pre-
ceeding page.

• This unit is set for 230V 3-Phase. To change to 460V -

3-Phase,:the coils and heaters in these starters must be
changed.
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0 -0

J1,.

M2 Champ MS Champ
1Flanged Inlet/Outlet 2" Flanged Inlet/Oult

A CORROSION-RESISTANT, SEALLESS, VIRTUALLY
INDESTRUCTIBLE, INJECTION-MOLDED, SOLID ...

PVDF OR POLYPROPYLENE
WILDEN PUMP (sump PumP)

The Wilden Champs operate on pressure to 100 psi with variable flow from 0 to 130
G PM. Broad application potential with special appeal to the chemnical process industry.

0 Self Priming N Easily Portable U Photo/G raphic Solutions
N High Suction Lift N Low Maintenance U Textile/Dye Solutions
* Can Run Dry E Ferrc Chloride M Solvents
* Variable Speed & Pressure U Etching Solutions U Pickling Solutions
N No Pressure Relief Required U Planting Solution E Aqua Regia
* Sealless/Packlngless Construction N Acids/Bases U Drum Pumping

"Our Business Is making tough pumping Jobs simple."

VWIOLDEN PUMP&M
ENUINEERINO O

22069 Van Buren Street / Colton, CA 92324 / (714) 783-0621 / Telex (714) 676-452
Cooyvighl 1981 Wilden PUMP & E ngsneef ing, Colton, CA R MI.S.
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BLACOH FLUID CONTROLS

SENTRY I
SURGE SUPPRESSOR

FINALLY - A unique solution for solving the in-
Sherent pulsation which accompanies reciprocating

type pumps.

The Blacoh SENTRY I was specifically designed for
low pressure applications (0 - 100 psig) with the
increasingly popular and versatile air operated double
diaphragm type pump.

The SENTRY I Surge Suppressor is truly unique. Con-
structed of a specially compounded, glass reinforced
and UV stabilized thermoplastic. The working bladder
provides high volumetric efficiency with the simplicity
of a diaphragm held together with a simple clamp band
for easy maintenance and inspection.

The SENTRY I is capable of handling a broad line of
chemicals and abrasives at a much lower price than

2- MN.THO other suppressors in stainless steel or hastelloy.

The SENTRY I is operated and controlled by simply
PoL PerA dialing the pressure needed on the high quality self-

* Removes up to 95% of pulsation relieving pressure regulator.

First, charge suppressor with full air line pressure, up to a
• Simple clamp band construction maximum of 100 psig. Next, operate pump to generate

Allows easy replacement of working working pressure. Then, gradually decrease air pressure
bladder in Sentry I until observed pulsation or vibration in system

is minimized.

9 Low cost broad chemical resistance The SENTRY I comes standard with a neoprene

bladder. Viton is available for high temperature and
* Eliminate costly pipe system vibration greater chemical resistance.

and leakage The SENTRY I has a maximum temperature limit

of 150"F. PVDF is available for better corrosion* Improve efficiency and life of expensive resistance.
pumps and meters

Distributed exclusively by Wilden Pump and Engineering Company through Its authorized dealers.
WILDEN PUMP & ENGINEERING CO.

22069 Van Buren St.
Colton, CA. 92324
Ph. (714) 783-0621
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MOYNO.
PROGRESSING CAVITY

industrial
PUMPS

A TURN FOR THE SETWER

SPRINGFIELD, OHIO 45
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MOYNO pumps are most commonly specified in
frame L designs. This is the standard frame con-
struction suitable for the most frequently encoun-
tered pumping applications. Frames M and P are
similar in design to frame L, but are equipped with
heavy duty drive heads to accommodate greater
horsepower for operation at higher pressures.

kii iII

Im DMENSIONdS WT. Mgg DIMENSIONES Wt. PUIju WUENSIOWHS W
sW A' U C I* L UlSJ SON A- I- c r IL SM SUE A r97- C -'r IL Ihs
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CURTAIN GROUTING

NOMENCLATURE

(1) Hole numbering sequence is related to its location or the
direction of the hole angle: See Grout Curtain Cross

Section for work sections.

Number Prefix:

RR = Grout holes angled 200 u/s and toward right abutment.

RF = Grout holes angled 200 u/s and into the right abutment.

RS = Grout holes drilled from surface of right abutment.
LL = Grout holes angled 200 u/s and toward left abutment.

LF = Grout holes angled 200 u/s and into the left abutment.

LS = Grout holes drilled from surface of left abutment.

VV = Grout holes drilled vertically near a monolith joint.

LD = Special grout holes along Monolith 13 and 14 joint face.

GC = Exploratory NX core boring.

Number Suffix:

PP = Primary holes (1st series)

SS = Secondary holes (2nd series)

T No. = Tertiary holes (3rd series)

Q No. = Quarternary holes (4th series)

Note: Dual letters were used in prefix and suffix because of

computer compatibility.
Example: Hole No. RR006SS was the sixth (006), secondary (SS)

hole in the work section (RR) where grout holes were

angled 200 u/s and towards right abutment.

G 9
.. ... )4 0 0 v S eyenca

(TI,) (92) (,S) (TO (W z
0PP l oft

EIXAMPLE: kpacing 4 .SuffIl. fe~terlna
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CLITA[N (IR ROII ING

i . N''FRK 5,KI 1 INiS'

A. KIl1 AlIML-NT (jo.t k 1,J .qcO 32,4, ,urface)

St at i or Mur L i th- Pt I(nory IHobI? No.

(1) 4R73.75 t 5+/I 75 IC-? RR--OOI PP to RR-011 -PP(2,) ..+.75 C, : "1. 7, 7 -5 RR-Oil -PP to RR-021-PP

(3) 2+73.7 to 1 '. 7 5-3RR- -- RR-021b to RR-O2'--PP

(4) 1+-:3.75 to l+-,.75 a3-1 RR-O2' -PP to RR-O3,-PP

I RF-OO1-PP to RF-OO-PP

(5) Surtac Rt . Abutment RS-001I-PP to RS-008-PP

B. LEFT ABLIIMENT (work sequence 1,3,2, surface)

Statiort Monoliths Primary Hole No.

(1 4*3.75 to 5+3-.75 '-ii LL-OO1-PP to LL-O1-PP

(2) 5+.3./5 to :+30.75 11-14 LL-Ol-PP t.o LL-021-PP
3) ,+3:-3.75 to 7+33.75 14-lt, LL-021-PP to LL-030-PP

Parn Ift, LF-001-PP to LF-O09-PP

4) &urfac e Lt. Abutmern t LS-01-PP to LS-011-PP

". VERTICAL. HOL.ES

No. Station Monolith

VV-f)10I-PP 1+44 1

VV-OL2-PP 1 +:-:4
V:-004-PP 2+.4 4

VC-013-PP 5+ 1 13

VC-014-PF +-:+21 14

VC-O15-PP + t.l 15

VC-O 1 ,-PP 7+01 1,

3. SPECIAL HOLES

No. Stat ion Mo nol i t,

LUP-o.L-Pr' 5+: (4.5' d/s) 15
LUI)-OLJi-PP 5+:21 (,2/5' d/s) 113

UIL-on3 -p, -,-2""25 (4' d/':) 14
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4. NX EXPLORATORY

No. t.a tiorn Monol i th

GC-I [+11.50 surface rt. a bu tment
G C-2 1+62 2

GC-4 5+70 12
GC-5 6+ 17 1 JGg-e, 1+98. 75
GC-7 2+07.50
GC-8 7+51.50 surface It. abutment

(J- 14)
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CURTAIN GRO-'UTING

STATISTICAL DATA
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User Guide - Microcomputer Grouting Data Package
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Summary By Hole Number Prefix ......- ................... J-52 -- J-59

Holes With Avg. Sacks/Ft. Value Greater Than One ...... J-60

Grouting Summary For Each Hole ........................ J-61 - J-85

Grout Hole Pressure Flow/Grout Take/Depth Range ........ J-86 - J-95
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Geotechnical Laboratory

DEPARTMENT OF THE ARMY
Waterwa\s Expe-iment Station, Corps of Engineers
FO Eo:; 6 1 . vicisburg, Mississippi 39180-0631

June 1986
Final Report

Approveo For Futlic Release: Distribution Unlimited

Prepared for

EEPAPTMENT OF THE ARMY
US Army Corps of Engineers
Wsirotcon, DC "(C14-OC'(

(J-17)



Destro. tnis report when no lonqer needed. Do not
return it tc the orioinator.

Trh- iircins in this reoort are not to be construed

as ar o0i4 cial Department of the Army position
unless sc desionated by other authorized documents.

This procraa packaqe is furnished ov the Government
ar is accezted in use ov the recipiert with the
e Eress Ur:derst ndinQ that the United States Govern-
mert eoles no warranties, e;:pressed or implied, con-
cerninq the accuracy. completeness, reliability,

usabilitv, or sLitabilitv for any oarticular purpose
of the information and data contained in this
program or furnished in connection therewith, and
the Urited States shall be under no liability
whatsoever to any person by reason of any use made
tI-ereoi. The program belongs to the Government.
Therefore, the recipient further agrees not to

assert ar, proprietary rights therein or to repre-
se- t this prograc to anyor e as other then a

Government prooram.

The contents of this report are not to be used for
advertising, publication, or promctional purposes.
Citation of trade names does nct constitute an
official endorsement or approval of the use of such

comrerclai oroducts
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PREFACE

This user's guide describes the use of a data base package for storinc
arc disp]vinc grouting information and data or a microcomputer. The package
is a orodoct of the Computer Applications in Geotechnical Engineering (CAGE)
prc'ect sccnsored by the Office, Chief of Engineers (OCE), US Army. Criteria
for a complete grouting data package were developed by a task group of Corps
oi Enoineer (CE) District and Division representatives with experience on
actual prcects. Members of this group are Mr. John Albritton, Missouri River
i isi cr,: Mr. Pete Hart, OCE; Mr. Lawson Jackson, Southwestern Division;
.. Ncls jlhren, St. Louis Distt ict; Mr. Dan Parrillo. South Pacific Division:

, 3err, Fritchard, Tulsa District; and Mr. Tod Riddle, Lower Mississipp:

.. e ,i isx n. The pdt;,die rFeorted in this guide was developed using the
St:-ewai2 Jacksor Dam at Weston. West Virginia as a pilot project. Construc-
tic- o;-p:e personeli provided data entry, operation of the proarams, and made
a r cier cf viluable sugoestions for improving data entry and for additional
t a sumi -3' oplots and tables. Those involved were Mrs. Johnna Lowther, Civil
c-::neer1i; Te ici an,, Mi. Gcrcot, Loucir., Assistent Resident Enqineer, and

Nv: . . 1e io ist. 1r. Wi II6r F. Woodburn was Resident Engineer and Mr.
z . E k. r C r I, 1rict CCr struc ctcr. Enga neer.

This reccrt was precared by Mr. W. E. Strohm, Jr., Engineering Geology
ar- r ccP M;echanics Diviicor, (EGRMD), Gectechnical Laboratory (GL), US Army
Er ineer oaterwavs Experiment Station (WES). Development of the CAGE package

s crri-e: ot under the supervision of Dr. Don C. Banks, Chief, Fr3RMD. GL.
a : under the general scoervision of Dr. Will iam F. Marcuson III, Chief, GL.
T, t eocrt wos edited b% Publications and Graphic Arts

s i on.

The crnanders an Directcrs of WES duric development of this data
c;:,eoe rd preparation o4 this user's guide were COL Robert C. Lee, CE and

Iileri P. Grua. USA; Technicai Directors were Mr. Fred R. Brown and

S. o ert W. Whalin.
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I

CONVERSION FACTORS. NON-5I TO SI (KETkIC)

UNITS OF MEASUREMENT

Ncr.-SI units of measurement used in this report can be converted to SI

(metric) units as iollows:

MuLt IIv by To Obtain

feet 0.3048 metres

inches 2.54 centimetres

pounds (force) per scuare inch 6.894757 kilopascals

oOLnds (mass) per cubic foot 16.01846 (iloqrams per cubic metre

(J-22)



MICFCOMPUTER BORING AND SIEEL ACE L,*A PACKAGE:

US ER 5-G' I DE

FAFT I: I NTF[,U:TION

Puro os e

1. The purpose of this report is to provide a description and instruc-
ticns for the use of the microcomputer version of the qrouting information and
data paclaoe entitled GROUT. The pac~aqe was developed for Corps wide use
under the Computer Applications in Geotechnical Engineering (CAGE) project.
T is report must be used in conjunction with other applicable instructions re-
oarcinc the microcomputer operatina system, and instructions for creating and
OanPL.pation of e data base usino a soitware package called dBASE III (trade-
Sa-i of Ashton-Tate).

Basic De;initions

A data base can be defined as items of information and groups of data
%alueE stored together in an orderly form sLcn that access to all or any part
of the irforcation or data can be readily accomplished. Field grouting data
forms oith drilling, water pressure testino. and arouting data stored in a

1l az cabinet could be classified as a simple form of a data base. A compu-
terlzec data base is one that utilizes a comouter and associated hardware for
dzta entry, storage, and access. A data base oackage includes. in addition to
tUs data base itself, all peripheral software that enables the data not only
tc b e o, c v 6nd orderly stored, but aecessed, menioulated (or analyzed) by
- f E cU USE'L' I rears, and displayed In the most useful manner for the user
- d; base orc ae can therefore be cateconizei as an enoineerino too!.

ri ci cpc.e J' v util1zeo, be a cower'Vi too0 that oreatly enhances the
u~e5*_Ire and value of geotechnical data.

Bac~orouno

7. Criteria for a qroutinq data storage and displav package were devel-
o:e' during 1984-85 by the grouting task group. The criteria covereo desion,
c:rst-ucti o control, and post construction ooerat ior use. A first priority
wis to provide a field construction control rocule ;or current projects. Ar
initial data. storage and summary table displa pack:age was developed using
date or, zone oroutino furnished by the Los Anoeles Listrict for New River Dam.
T is initial version was used for demonstration purposes. In late 19e5, the
Hnr.t rcton District in cooperation with their Stone.4all Jackson Construction

;i ce and the Pittsburgh District agreed to use tne package as a pilot pro-
)et bLrirg groutin beneath the StonewlI Jactson dam. This concrete gravity
der at Weston. West Virginia was nearly comclete ara arouting of the founda-
ti,' iron the oa!lerv was to beoir in ear; Jar, uarv 1,10 . Grouting was to be

:::li~hed in two zones b/ the staoe met'od. Fieia forms for collection cf

(J-23)



drilling, water pressure testinq, and orouting data were obtaineo and the

0a6Lting package was modified to meet the project forms and needs. SubseQuent
ccrrections an6 revisions suqoested by the construction office were made as
orcting proqressed. The patience and cooperation of the field construction

per-cnnel were key elements in developiro a timely and useful product.

Ap I iication

4. The qrouting data base package, GROUT is intended to provide a conve-

nient means for storing data from field grouting operations that can be used
as a rapid aid ir the following areas.

=. Mcnitoring the status of drilling ano water pressure testing

b. Determinino the need for grouting of stages and for split spac-
irrc : orout holes usiro project criteria.

c. Automatic calculation of estimated initial grout mixes and gage
PresSc re when water pressure test date are entered.

i. Autora+ic calculation cf sacks of cement used fror grout mix and

e. Monitorino the status of grouting and quick determination of

pe--issible areas for drilling and pressure testing at the start of each
st t t.

f. Rapid display of summary tables and graphic display of pressure

test water flow versus grout take for selected holes.

g. Automatic production of daily pay item summary table for coir-
pa-.sor with contractor submitted quantities.

h. Disolav of progress, ouantities, and costs for better assessment
o iilelv overruns or potential problem areas.

Computer Requirements

5. ThI eutinq data base programs have been written for use with
ciSE III . Iark o4 Ashton-Tate) on a microcomputer using the MS-DOS
ope'ating T The microcomputer should have a 20 megabyte hard disk to

prci.de suf v aIt storage for a large number of grout holes. As a rough
estimate, all data for one grout hole requires an average of about 5,500

Sv'es. A dot matrix printer is needed for simple plots and summary tables.
Fu:'.re qraphics additions will require a large x-y plotter.
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-. The prcrILeta, sc tare iCLSE P LI b,, Ashtor,-TteI usee: tc develop

cr§ a c ro , o ter ,e- :o o t e cro'_,tino data p c aQe is a relatiora t, e cf

Gct i ESe sste r It Les a tile structure that c r. e %i sal ized as a table
it, c lumne f r , ariecIe s ,cailed 4ieIde and rows re:or-ds for ,alues of
tre ar iehles. The structure cOr eacrt d&te base file is created Dv naming the

I Ceas. Oe ir.n C their t' ,e (c araecter or numeric) and their size Pnurber of

;Era-t-rs Qr G1Oit0 art C e Ca CaCes The data ir! ore r ie is t =ted to

'e d I anCth eK- j e e, variables.

. 1 dCarr - tre ide' .J snowr i- Fiou,-e I. The reiatec
z-. tls re rol . -., zon . an. st ace . Tne tvpe of cata stored in ea:h

!* E- is s-c.-,r ir aL' e . Gererl c lta ic, the orout kc e is stored in the

I - de ( L ED4T.[E w Ile seci ic data o t et v es scwr, in Table I

E S tctE C Ir the eo er C le-. cc 5-r 1t1Cr6 1  elee I isce ir Tatle 1 are

Lct E rr

. - mces uSe os the ui scear editino feature ot cF4SE II

Ca *LrI to C e showr, or, tr he ror;itor scree ar leO in. The data

- sr sement : G-uuT i s menu driver,. The nair menu oot;: ns. data entr,

a-y , aro sut'ier u are sh,. in Fioc res . ard .

a r, oru c ie. t e basiC Jata t .. st be erte-ed i rst intC tr.e

E. recr ro to each ,e ' E u Oct i - e er eo We
"e5* a "licats i'e cata e teac. s'c-c:. >; a dto::cato

SE Ee es e tt I EC t G rte . reeCr s-E t e

- -E a e.. cre E: = aI: oEtEc .E r te a s: i t-cudes

it - .rc thes r e a.lcat-cft u7ztec to e-a zoE e -E

-e 0eF :c E ' e la re' entere .

1 £r ce tye h cl data are e-tered. oaa 4
0 r d-i : . w. ater oress-e

" zr . Z or LttrC can be er terE Ir a- , o-d' c .- ,ese pt r I o, ,

Ficure . the hole nLuter Is a S. d c ano Cheo s , If it dc. es not
- - r-t a~ .1ser is acn the -r ie e e e t ' r see;W -  a -is c4 h 1 '

t -i s en .nttn. n.oi rc-o-nr c .l ai st cl *4 h --IE

c Cr ne
t urnlr, C to the rain mer.. The C, r:E anO de0 .t -te ral are ar ec

t c the C.r . is tnen shown or cre screet 1ith t.ese ite!s f ele . ,. * CrI-

i ' o' s ,?r ,ater pressLre tests end C'ut 1'f et c- octa for t'e s a e

hE a-c stac can be ertere.2 on t'e sa.ne seresr Ea acteT 1aeS. Fa. itec

1 : .It .E are ertered rcr the 4:eid *crr ' T ao Ete , wEr other entIes

tfe f, r rc com:.ieteI. The ar .t o;. its: c z. tit: i t -e store: ini a

7s: Te fe ET . E[ an:' , E z a- t e ,i eP, a-c eoi tea secarate:.

53.

(J-26)



I -~ -I - - r--

C, ;cU LHDEF D 4 7
* KYLE F 4 :

:,r 'L 4GWAT F P --15-, E GOOUTING CCN
* T AN1 TD TEST DA1 - AND DA I A D4T At 1 1uhf lE

p 4 - Cu h. API FA OLItC I T IES - - ~ -r. --------- [ CEE-
+-- -- - +- - - - -- - - - LEG PTLOG. OE --- - -- - -

P> EDF LWPLOE.HEPP4r ~

Ifl',t 6rC rEla at ed toc e5:ro t hc SPGOUT PA4y
t rol 1.~~ E , :C t e C. arlC et oE. CU N T IT I ES

UER T ST 0.DC'

Kcr 1. a- :t E hE5s for- SPOU,-T
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; - a z r aSSL :t o :' th: S st&ce o r t i- ect ce S at r fl cr

de:crc re I drI lna o0f each stae Z' Id be reouired and ; .,h of the data
ret ea u r aumter .' tables s base on th ns assu t:ro- . Tr U fa 'e tr 's

ct:n ha- been true. eoaII o (lo- o rout) for s bse..,ent staces wher,

E'-yaec e er- tered as :at o4 the subseQert steoe or:i : no recC.-t

1-. T rc.lo :ro cacacli t e- drino data entry are 1r,oide : in the

a. ThrF trc'e vertical depth for slant holes as autoeatac;ll, aVC,C-

iaeo ar.c stored in the driillinq data records (a cosine program uslng a cosine

serieS wa_ nr:,ten. sirce dEw'SE I1 does not have this fur.ction).

t, F a iteM q'.antlties are automaticallv updated in th)e hole data

rero: core w.her, pertinerrt a eta is entered.

tabile c4 estirated croLt mi:es and crout cressures is printed

. t we r E:CE 0' , cEct criteria ehher a drai I l o record Is ertered.

rw-er- c+: tera are baze- or izete flow rates cfr, fro., water pressure tests

acr Er.s ra C- .ter t Ft the S-. I- . e e at r

f': the z
t

, c EJrS rE-:rc 1 E te- e e c a hE- ste. tIe

-' " C . c' .Ec C r eEtLra E re Cr Ir e - : C

14. c 1 c. ir,2 rs Etrictac, -i aolv.

a. 41! date entered car te edited. Consezuentie, if a hole number,

or zone, c, stage is changed for date stored in one file, then the correspond-

;,c recCrds 1r the other files must be edited to chaf.oe the same items.

b. h.c orosion as iraec 
5

or deleting ,.,nante.n records. Thus a'-

aQa -E rEc -c c ar, r t be eite: t jbEco0,me a desired reco-d. nowleoge o4

C1. 1> are Irde fIle -usE In the GF, 7uT pact ace is recirec t:, delete

Lsr te; -: *crr, ra " arc es- E- te I arc *:e le.

tra Stc'ace

IL -I data en, tered are stc'Ed 1r the a crr..ate lie. ctE Ee r z.

e iEs a-e used to ieep the data orderec b,; hole ,.,r oc . zcre, arc staoe

.t z c . or other var atie +or ra :d retrie..ei c' data. Ti s E E 04 - d e

C S 5 Peds up the ooeratio ec t e Qro'in- data a ace. b.t re ctres ECrs

I: casi s cre. st o. e inoe. les d we roe eaaE es

15 E5 ,.
"  a; Ta le
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-
.o..s.. 1 noru 'atr~rtap 't 5- ,. C ,tes 0' storage.
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a retrie'.,ai ant disc . are done autc. cE,tic v usir, o th e selec-
E - C 

. 
t- ner --s ir* Fio,-E 4 anc 5. The se -:tiors ':ct cr.r 6

C thf Er Ir re0nJ. F ore. 4 a for a Ii st cf a 1 it. i orcut a.i - es and
c. _st:res jor a rar, ce 0o S e nrt, !ters to be orc, ute an c statist*ca1
re-. it . The sate stc e cl secic

o 
has three oc, itc s. +c taoe orilled and

talE o i 4czt D l<.e z . hce tvpe and b ir, oved al holes, and a bar

c- ) r o t Ierr ic cvntE .r o ie- -et &n oro t taIe. The rerort IT, eru in Fiours

D,,, e' ,-. taEs ar one Er:zhitc diFcolav of water Acow versus trout
.,e in ee ; .or -EeOsE re rc c4 holes. E rarr.,Ies the tables and

-i -
_  

'e cr,,r.r, it, 4:ccr fl t

I-.

.e . . recz'-t sele- :ons_ are le,e: to a h -e nuretEr S) or
.. . . -A 7+ ended to rc.:.E &. d t.= o -e hole t.

E stE cr or. a rae t o rolE r-,bers. o. . is -rnsenfe. to
E C "s. to- eA e Ir i e desireo rarocs ho.j: - e., res Lts and

na.e c i I r.c. crcE-s2-e testi c and CrouLtinc. This 1i stir. o fcd aid in

s ct zri o Ler.:s-itle areas C., rC Il linQ or press.'re testinq or croutirio in

--Ce witr, trne Cc 'eZ-t criteria. Selectic- n T provides a list of water
-. oc: art croLt te e E; h i r&F r, ter and staoe for a des rEE ranoe of hole nue-

_s. : ( oeot irter.a to summ a'ze this data for a horizontal interval.

E Cectior 4 1i 0I.L, SsEE: be cw. Selection 5 and 6 prodL.:e a sumary of pax

S ies ccorinc I c t Ie proect form fo' one date or 'or a desired ranoce

E7 E ,p dec oc i c isnino c all os. ouantitv datea c-

r"" -E O -C tie t the Creen, date.

nil!e r' S, Lerse Ec Cs

:E'ecc , F - Z, !-.s ets- o-essure fic r ant : 'c: t ta e ir ecU s or,
s tc iifne SCr 0e o be sta'or Lnd hole r,L! ff-te- 4or cr e h ole nritber raroe

-.. ei. Each Iine recEreserts a I,-e and, at the tcotor :- each staae true

.t ic s : Iae o4 I n. = w ae wtE- fow ano or c.jt tae ksac-s' a re
- ..- ' r7c tilt is re C ir C acccrdinc tc tre cite-ia tase o te

I. rtEC 4 tc te, e : a secEnda'; h c h e s th.e trres cId
- C;.: C:' :r aste-isl is c r1ntec. r CztIc- is o CdC tC

. t. ec r e, E reie. c, * tE, eec for s it Sa r.
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.rC c :,  det6 base pac aoe m'-st be accessed using dBASE III
Eciti re Lrt3 1 cccilec versicr is availab; e'. It is recommended tha tmF
, , a baEe oaci aoe iles be store: on a hard Cisk directory or suJ dlire -
tcr t,.it car, be accessed ny dbA E I 1. Once dO ASE IlI has been irvc ed and

E Lst set tC tMe C, FUT dat a Ease f ies the comrrnd to start the prcc rs
is GFCJT cc rct enter qL'cte. At any ti ,e durrino execution c4 G L'T

t1 e e s ac e s c - be s'r .; to e it t - d' A SE I1 anc the prooram can be re-
stirtec . t r, e L c e coo.r A coc, c,f the ,rocraf.s is contained i
Acrers: E.



L1~t _o' C~t a E -I.e and _liE Structu-e

Structure for database C:ihc, ledat.0bf

N r e- -D dati records
L te ci last ucvate 05/01'8t

I E C 1e I d raPe T,.oe Width Ce;
1 CFJ Character 25
- LOCHTION Character 25

" STATION Character Iv

4 r",PELEV Numeric 7
H E r Character

t k, GLE Character 5
7 HdLLESIZE Character 8
E LENIPFLE Character 5

£EFF.OC Character 5
. F'DE r  Numeric 5

11 70f Character 1
" .EFTH Numeric

I_ .7 ST :I CharacterE
*
z ~- i ,- T Character c

i5 DEFINTEP Caracter
1c ETTC-S INumeric2

I' LFTO Numeric 5
1. vFHJFRS Numeric 6

i GFTHRS Numeric t

0 SACKS Numeric 6 2
2i wASTE Numeric 5 2
Tct'& ** 167

E:r Ct.'E '4n database C:ldr1ras.dt;
N r,Ze- ' Z1 a te records

[ :te c; iest ucdate :0 ,2i8

F1e c Fie I n rie Type Width E,e:
* h'LENC Character 1

ZONE Character !
TAGE Numeric

4 L, EF IT Character
_ h LE Character 5
o DATE Craracter 8
7 LLj Numeric 5
E 'S E ;  Num.eric 5,

IP;d[LL N. meric

i E 
T  

NurEric 5

1. D;,ELE,. Numeric 7

Ii # . La-cter

I (.T- tS



Tatie 1. Ccntinuedi

Structure for database C:lwcpcq.ob4
NLmber of data records 7C9

[, te of ILst Q V date e v 0i 1/Gt

Fielo Field name T oe 61othn Dec
I H:LENC Charecte- 10
7 ZCNE Character I

STAGE NLImeric

4 WFDLEFit,1 Character 9
5 DATE Character 8

o WPTOTAL Character 5

7 WFTIME Character

6 W MIETEF Craracter 5
5 ikFLOW Character 5

S Character 25

i WPM1iN Nureric 4
12 W HO LiS Numeric 5
I EcTMIX Cheracte- 4
14 G;TFFE Nu e 5

StructurE for database C:iartioo.obf
Number of data records 2114

Date cf last update 05/C0 /

Fieid Field name Type Width Dec

I HOLEND Character 10
ZONE Character 1
STAGE Numeric

4 GRDE:INT Craracter
5 [ TE -reracter

GF7 T E Char'-~ter 4
Tr.aracte- 4

E M.SCha-EEMSA.Qi E Cha-ac:ter

9 GFTI'<EE Craracter 4

2. G9 T; TE Cha-a ter 4

I F u' CraractEr 4

I2 TrrTF, E E arazter
i3+TF, Chracter :

Tota I

C "



aCe 1. r) .,cE

Structure f Cr caIFt ab ae S: C : IcGrtES*tdn
NL-nt e! c d ata6 repCord C s1
Date o' 04aS t LI CC IAtc
FielId FIe E- m 1ic 0 iM C - wI at h Dec

I EL ENC41 C rar af e r
ii r act E

3STAGE Nufferic
4 GRLiE F NT Charac t er 9
9DiATE Character 8

o 8&T 7HFE3 No me r ic 6
7 G F THR.S S Nume-ri1C 6
8 SCF~ S Nunmer ic 6
9 WASTE Numer ic

.To a *54

S-ructure c-database C:l:oavitef d b;
KL rtEr oci date reccrds= 7
i t P c4  j aEst Lic a Ct E : 6U: ,,-- ,9

* &ii Il&C r a c Tc vtt
I UEM Cnarecte, e

N N- m Character
C UAN Character 7

14 L 'IT Craracter 7
5 PRICE Character 6
6 AMOUNT Character i0

*4 TotalI * 6cr

e1- cr datacaSE: C: lortSusI.oL
au e - dat; reccrts 2

Ict E C &.St b1,catE :
F E Id Fteic rar E T v oe Wi1d th De c

1 6HL E NC C h2aac ter I0
C ZCUE Character

C- .4E Numneri1c
4 DEFiNTER Cteracter 9?

jr WFTOT4L. Character 5
6WFMIETEF Character

I7 rF Character
S D.4TEPT Chara:ter
9 [- 1TEGF. Character S

it 4CSNueFer ic 6
1i GRIF RESl Character' f
I- GPTFP;ESI- Character
V G;1x i HaC ractet 4

14 SStTtll<- Character 4

(,J- 37)



Table 1. (Concluded)

Structure for database: C:1ta~e.dbf
Number of data records : 77

Date of last update : ( i /186
Field Field name Type W idth Dec

I HOLENI Character 10

2 SIATON Character 10
2 iOFELEV Numeric 7

4 CTRELEV Numeric 7 2

5 BOTEL Numeric 7 2

6 DEFINTER Character 9
7 WFFLOW Character
8 SAC S Numeric 6 2
9 F Numeric I

*. Total *. 67

Structure for database : C:Ipaydate.dbf
NLIrber of data records : 76

Date of last uodate : 05/02/86
FIelo Fie1d name Tvpe Width Dec

I HOLEN2 Character 10

2 ZONE Character I
2 STAGE Numeric

4 DEFINTEF Character 9
5 DATEDR Character a

6 DRLGLRY Numeric 5 1
7 DRLSURF Numeric 5
8 REDR ILL NumerIc 5 1

9 DATEPT Character B
10 WPHOURS Numeric 5

II DATEGR Character B

12 GFTHRSG Numeric 6 2

17 GFTHRSS Numeric 6

14 SACKS Numeric 6
15 WASTE Numeric 5
16 REhAR[S Character 15

** Total ** 105

(Sheet 4 ot 4.
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L ist of Main D-ta arne- ]nd e. F 11e NamE-s

Dat a F lIe I ndei F i Ie ev Irde). Variables

LHO'LEL,.T.D5F LHOLEDAT.NDX HOLENO+ZONE

LfiOLEDA.CTDEF~ LHOLESTA.NDX STATION+HDLEND
L DRLRM S E. [F LDRLF:M S.NDX HOLENO*ZONE+STRiSTAGE,2,O)
LDRLRd'1,S.DbF LDRLDATE.NDX DATE+HDLEND

LWFLOC.DEbR LWFLOG.NDX HOLENO+ZONE+STR(STAGE,2,O)
LiFLE-DF LWPDATED) DATE+H[iLENO

LGFTLOG.DF7 LGFRTLOG.NDX HOLENOfZONE4-STR(STAGE,2,0)4DATE+GFTTIME
L&E.1T5. DELF LG TSIG.NDX HOLENO+ZGNE+5TR (STAGE.2,O)

LGTSTG.q5; LGPTDAtTE.NDX DATE+-HOLENO
L G T SLU . L F LGRTSUMND HOLENO+ZONE+STA(STAGE,:,0)
LTA E .DEF LTAl E.ND, STA710N+HDLENO

LP') EDTE. DEF LPkiHETE.N HOLENO
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LIST OF EST. GROUT MIXES AND PRESSURES BY STATION 06/04/96
FOR RANGE OF SPECIFIED HOLE NUMBERS LLO03PP LL009PP

TOP OF STAGE EST. GROUT
HOLE BOTTOM FLOW MIX PRESS.

STATION HOLENO ZONE STABE ELEV.FT ELEV.FT CFM RATIO PSI
----------------- -------------------------------------
4+58.75 LLOO3PP 1 2 993.75 955.45 0.02 0.0
4458.75 LLOO3PP 2 1 993.75 935.85 0.05 0.0
4+58.75 RRO02SS t 1 993.75 957.35 0.42 4:1 55.8
4+58.75 RRO02SS 2 1 993.75 935.85 0.03 N/R 0.0
4+63.75 LLO03SS 1 1 993.75 954.95 0.08 0.0
4+63.75 RRO02PP 1 1 993.75 980.55 0.26 41 49.2
4+63.75 RRO02PP 1 3 993.75 955.45 0.17 4:1 59.3
4+63.75 RROO2PP 2 1 993.75 935.05 0.00 N/R 0.0
4+68.75 LLOO4PP 1 1 993.75 954.95 0.14 0.0
4+68.75 LLOO4PP 2 1 993.75 935.85 0.06 0.0
4+68.75 RROOISS 2 1 993.75 935.65 0.09 N/R 0.0
4+73.75 LLO04SS 1 1 993.75 954.95 0.33 4:1 56.7
4+73.75 LLO04SS 2 1 993.75 935.85 0.23 4:1 64.0
4+73.75 RROOIPP 1 2 993.75 977.75 1.2 1:1 47.3
4+73.75 RROO1PP 1 3 993.75 955.45 0.26 41 59.3
4+73.75 RROOIPP 2 1 993.75 935.85 0.04 N/R 0.0
4+79.75 LLO0SPP 1 2 993.75 955.45 0.32 4:1 59.3
4.78.75 LLOO5PP 2 1 993.75 935.95 0.10 0.0
4+81.25 LLOO5TI 1 1 994.00 980.00 0.01 0.0
4#81.25 LLOO5TI 1 3 994.00 960.10 0.17 0.0
4+83.75 LLOO5SS 1 1 994.00 955.20 0.27 4s1 56.6
4+83.75 LLOO5SS 2 1 994.00 936.10 0.02 0.0
4+86.25 LLOOST2 1 1 994.00 990.00 0.01 0.0
4+88.75 LLOO6PP 1 2 994.00 955.70 0.09 0.0
4+89.75 LLOO6PP 2 1 994.00 936.10 0.31 4:1 67.0
4+91.25 LLOO6TI 1 1 994.00 960.00 0.03 0.0
4+91.25 LL306TI 1 2 994.00 960.10 0.09 0.0
4+93.75 LL006SS 1 1 994.00 955.20 0.02 0.0
4+93.75 LLO06SS 2 1 994.00 936.10 0.05 0.0
4+96.25 LLOO6T2 1 1 994.00 990.00 0.09 0.0
4+96.25 LLOO6T2 1 2 994.00 960.10 0.16 0.0
4+98.75 LLOO7PP 1 2 994.00 955.7C 0.02 0.0
4+98.75 LLOO7PP 2 1 994.00 936.10 0.09 0.0
5+01.25 LLOO7TI 1 1 994.00 980.50 0.01 0.0
5+01.25 LLOO7TI 1 2 994.00 960.10 0.04 0.0
5+03.75 LLO07SS 1 1 994.00 955.20 0.01 0,0
5'03.75 LLO07SS 2 1 994.00 936.10 0.10 0.0
5+06.25 LLOO7T2 1 1 995.00 980.50 0.04 0.0
5+06.25 LLOO7T2 1 2 995.00 960.30 0.05 0.0
5+08.75 LLOO9PP 1 2 997.00 958.70 0.01 0.0
5+08.75 LLOO9PP 2 1 997.00 939.10 0.02 0.0
5+11.25 LLOO9TI 1 1 998.75 980.95 0.07 0.0
5+11.25 LLOO9TI 1 2 998.75 960.45 0.10 0.0
5+13.75 LLO08SS I 1 1000.50 955.00 0.06 0.0
5+16.25 LL00T2 1 1 1002.50 983.10 0.07 0.0
5+16.25 LLOOBT2 1 2 1002.50 960.60 0.02 0.0
5+19.75 LLOO9PP 1 1 1003.50 955.00 0.21 4l 59.5

5418.75 LLOO9PP 2 1 1003.50 935.80 0.01 0.0

Figure Al. List of grout sixes and pressures, main menu, selection 6
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CURTIN SROUTIN6 STATISTICS
06/04/86b

Stea. 4.38.75 to 5.18.75

Holes numbered LLOOIPP thru LLOO9PP

ZONE 1 (30 FT VERT.)
---------------------

NO. DRILLING SACKS SACKS PERTYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 9 390.7 35.88 0.09
Secondary 9 349.2 2.02 0.01

Tertiary B 310.5 1.94 0.01

Quaternary 0 0. 0. 0.00

misc. 0 0. 0. 0.00

ZONE 2 (20 FT VERT.)
------------------

NO. DRILLING SACKS SACKS PER
TYPE HOLE HOLES ROCK LF PLACED FT ROCK

------- --- ------------------------------------------
Primary 9 205.5 0.68 0.00
Secondary 8 175.2 1.91 0.01

Tertiary 0 0. 0. 0.00

Ouaternary 0 0. 0. 0.00

isc. 0 0. 0. 0.00

ZONE 1 & 2 TOTALS

---------------------

NO. DRILLING SACKS SACKS PER
TYPE HOLE HOLES ROCK LF PLACED FT ROCK

------- --- ------------------------------------------
Primary 19 596.2 36.56 0.06
Secondary 16 524.4 3.93 0.01

Tertiary a 310.5 1.94 0.01

Quaternary 0 0. 0. 0.00

isc. 0 0. 0. 0.00

JOB TOTALS 42 1,431.1 42.33 0.03

Figure A2. Hole statistics by type of hole, main menu, selection 7
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CURTIN GROUTIN6 STATISTICS BY HOLE NUMBER 06/04/66

Range of Hole Numbers from : LLOOIPP to LL0O9PP
For Average sacks/ft value )w 0.01

HOLE SACKS ELEV. OF
NUMBER STATION PER FT MAJOR TAKES

LLOO1SS 4+48.75 0.03 954.99 935.93
LLOO2PP 4+53.75 0.01 964.17
LLOO3PP 4+63.75 0.01 979.94
LLO04SS 4+79.75 0.03 954.99 935.03
LLOOSPP 4+81.25 0.07 975.48 955.44 935.63

LLOOSTI 4+83.75 0.05 964.60 960.14
LLOOSS 4+86.25 0.01 955.24
LLOO6PP 4+91.25 0.23 976.63 955.69 936.08
LLOO7PP 5+01.25 0.27 978.65 955.69 936.09
LLOOST2 5+18.75 0.01 993.09
LLOO9PP 0.05 955.03 935.79

Figure A3. Hole statistics by hole number, main menu, selection 7
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now I IN I RATIO ' I.IMflUI I 111131: 11" iEFI.: BEWTIO WIS 10.

131 I STA I IM IM:.a1.3-2.5 DAYS SAIL303/s/h P. T.1 03/27/ NID: 0331Ai/S

a ILl I Mf1 TET 1 I WN 1

I NUl I . P INE I11 C I TI I TT NUI T1I P I IX I MS

MMO STAK I iMl na UM"0

OIT U1APUP,LIP S.9 5.0 3.97 0.79 17 7 1.37 2:1 52.1 ETIDLW1
OB I&P,LL7P, IS W9 5.0 3.5 0.77 17 1.3 00 0.0

17 0.77 1.47 0.37
1737 1.54
1737 1.17 1.13 0.24
1747 0.60 I.E 0.13
1747 1.51
1757 1.12 1.24 0.12
I37 0.5 0.30 LU
1317 0.9 0.3 0.03

I 0.7 0.06 0.01 IUI us P 1

13: 1 STAI: 2 09% DNL:20.5-4&5 BAYS IRLLDO4/OJ P. Ta 0/O3/ WiM 04/OM

1Uj7 TM F M I MI CM I 1TalMIT I CM1111 M.I
a I

.ELLFE1Oin1PITIIE l3ITIIiITI IIPI .ms

f w 13E1 0. 3 1.0 3.1 61.3
41.7 5.0 1.40 0.32 65 0.33 0. 0. 3.2 61.3

MW .24 0.2 0. 3:1 61.3
- 1.! 1.0 CMAIE a N011
00 1M 0. 0.0 3 1 1.3
0913 1.12 0,] 0.07 &1 1.3
0913 1.03 0.3 0.04 &1 61.3
03 0.4 0.2 0.06 31 41.3
03 0.30 0.44 0.45 31 61.3
03 0.67 0.41 0.04 3.1 61.3
0953 0.54 0.41 0.0 31 61.3
1003 0.4311 0.9 0.02 31 1.3 HUBISU3SI

131*-2 STM I WM INOaL543.Y MIS PILLEMO/11/86 P. T.z 04/IS OMMD 0/15/14

a SA, I I PERK lT WI W

:NUUJMM T:L MT E 1l1:CNITIEITI11ITIEI N1 l:19: a

KM OF ONE2 0000 IIST 111
70.2 5.0 0.52 0.10

Z1 STE VNV!D. DAR MLM WIS EVEWSI n ME
I 1 1.3-20.5 03/31/b 0.92 0.00 2.91 0.00
1 2 20.5-43.5 04/03/ 1.00 0.00 1.00 1.00

Figure A5. Complete field record for one hole, report menu, selection 1
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SIULGL - W, W - FUWTIM MllWNS 3 QM XWP To U"

IU MMN MEN TiS M WMS MIW
O STATID EV. OU ZME STIE IMMKi. M UM l O IwoD TIE FM l M M

(ft) (ft) 4s) k4) 1Cfm) uk;) (W ) WO

LLUMV 4#7.75 M73.5 V2 I 1.3-20.5 W9 3.5 0.77 UA/1 2.912.1 2u1 3/31&h
9.l 211

I 2 20543.5 61.7 1.0 0.32 P// 1.0061.3 3.1 04/03/M
61.3 31

2 1 43.54.9 70.2 0.9 0.10 0415/h MT M.

U51 441.25 94.00 27 1 1 1.3-15.7 46.0 0.07 0.0 04/24/N IV M.

1 2 15.7-3.9 5.0 1.90 0.3 4W01A 1.50 0/0JOv

1 3 33.9-3.2 54.6 0. 0.17 OWN I M5L

UAW 44O.75 994.00 27 1 1 1.3-43.5 5.7 1.37 0.27 04107/86 0.43 5L2 31 O01(/h
5.2 3.1

2 1 43.5".9 6.2 0.12 0.0 04/V/M i T.

LL0052 44E. 94.00 77 1 1 1.3-15.7 44.0 0.A 0.01 4/41 MDT E0.

i 2 15.7-3.2 54.4 0.34 0.07 U/1/h IT Ia.

U.AW 44UL75 994.0027 1 1 1.3-1915 ..5 II.M 2.30 03/ 12.39.9 211 /311%
q.9 211

I 2 19.5-43.5 1.7 0.42 LU 04/Uh IT M

2 I 43.54..9 70.2 1.9 0.31 P/I5S 0.i 70.3 3.1 P/15/h
70.3 3.1

LL006TI 4+91. M.0 27 1 1 1.3-15.7 44.0 0.13 0.03 04/24/h ST MD.

1 2 15.7-3.2 54.6 0.44 0.0 45/01/h IT ED.

U0 M 75 LO .027 1 1 1.3-4.5 5.7 0.6 0.02 0407/h MT E.

2 1 43.5-5.9 6L.2 0.27 0.05 PM22/h SOTED

L100612 4.94.3 994.00 27 1 1 1.3-15.7 46.0 0.3 0.01 0/24/hb 0T 1E.

1 2 15.7-3.2 54.A 0.81 0.14 00/hOIA O IEn.

LLAP 444L75 994.00 27 1 1 1.3-17.0 51.5 .30 1. I /27/M IL 51.2 211 V/31/hb
51.2 2.1

1 2 17.0-43.5 61.7 0.12 0.02 I03/ T E.

2 1 43.5-4.9 70.2 0.4 0. 04/15/ CT ED.

Figure A6. Drillinq and grouting summary, report menu, selection 2
• Project Grouting Program Data in this report (p. 61-85)
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06/04/6
PRESSURE FLOW AND GROUT TAKE FOR HOLE AND DEPTH RANGE SHOWN

HOLE RANGE: LLOOIPP - LL009PP
DEPTH RANGE: 15.0- 30.0

HOLE NO. INTERVAL, FT WATER CFM TAKE, SKS DATE PT DATE 6R

LLOO1PP 1.3-43.5 0.10 0.00 03/27/96 NOT REG.
LLOOISS 1.3-43.5 0.26 0.85 04/07/86 04/08/6
LL0O2PP 1.3-33.2 0.43 0.33 03/2716 03131/86
LLO02SS 1.3-47.5 0.22 0.08 04/07/66 04/08/86
LL0O3PP 1.3-15.5 0.94 0.33 03/27/66 03/27/96
LLOO3PP 15.5-43.5 0.02 0.00 04/03/96 NOT RED.

LLO03SS 1.3-43.5 0.08 0.00 04/07/86 NOT REG.
LLOO4PP 1.3-43.5 0.14 0.00 03/27/96 NOT RED.

LLO04SS 1.3-43.5 0.33 0.66 04/07/96 04/09/96

LLOOSPP 1.3-20.5 0.77 2.91 03/27/86 03/31/86
LLOOSPP 20.5-43.5 0.32 1.00 04/03/06 04/03/96

LLO05SS 1.3-43.5 0.27 0.43 04/07/96 04/08/86
LLOO5TI 1.3-15.7 0.01 0.00 04/24/86 NOT RED.
LLOOSTI 15.7-33.9 0.39 1.50 05/01/66 05/02/96
LLOO5T2 1.3-15.7 0.01 0.00 04/24/66 NOT REG.

LLOO5T2 15.7-38.2 0.07 0.00 05/01/66 NOT REQ.
LLOO6PP 1.3-19.5 2.30 12.28 03/27/96 03/31/96

LLOO6PP 19.5-43.5 0.08 0.00 04/03/96 NOT REG.

LLO06SS 1.3-43.5 0.02 0.00 04/07/86 NOT REG.

LLOO6TI 1.3-15.7 0.03 0.00 04/24/86 NOT RED.
LLOO6TI 15.7-38.2 0.09 0.00 05/01/86 NOT REQ.

LLOO6T2 1.3-15.7 0.08 0.00 04/24/96 NOT REG.
LL00672 15.7-38.2 0.16 0.00 05/01/86 NOT REG.
LL0O7PP 1.3-17.0 1.66 15.23 03/27/96 03/31/96

LLOO7PP 17.0-43.5 0.02 0.00 04/03/96 NOT RED.

LLO07SS 1.3-43.5 0.01 0.00 04/07/96 NOT REQ.
LLOO7TI 1.5-15.1 0.01 0.00 04/25/96 NOT RED.
LLOO7TI 15.1-38.2 0.04 0.00 05/01/86 NOT REQ.

LLOO7T2 1.3-16.3 0.04 0.00 04/25/66 NOT REQ.
LLOO7T2 16.3-39.3 0.05 0.00 05/01/66 NOT REG.

LLOO9PP 1.3-19.9 1.86 0.15 03/27/36 03131/96

LLOOOPP 19.9-43.5 0.01 0.00 04/03/96 NOT REQ.
LLOOISS 1.3-51.1 0.06 0.00 04/07/86 NOT REQ.
LLOO9TI 1.3-20.0 0.07 0.00 04/25/86 NOT REQ.

LLO@TI 20.0-43.5 0.10 0.00 05101/86 NOT REQ.

LLO)OT2 1.3-21.9 0.07 0.34 04/25/96 04/25/96

LLO0T2 21.9-47.7 0.02 0.00 05/01/96 NOT REQ.

LLOO9PP 1.3-54.4 0.21 3.65 03/27/96 03/31/96

Figure A7. Water and grout take table, report menu selection 3
* Project Grouting Program Data in this report (p. 66-95)
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05/27/86
STONEWALL JACKSON DAN

PLOT OF MATER PRESSURE TAKE (CFNI VERSUS 6ROUT TAKE (SACKS)

LLOOIPP LLOO!SS LLOO2PP LL002SS LLO03PP LLO03SS LLO04PP LLO04SS LLOOSPP LL0OSTI
4+38.75 4+43.75 4+48.75 4+53.75 4+58.75 4+63.75 4+68.75 4+73.75 4+78.75 4+81.25

992.59 992.59 992.59 992.59 992.60 992.59 992.59 992.59 992.60 992.85

?95+

990+

q654

990+ 0.94#: 0.3 0.01 :N/R

975+ 0.77#: 2.9

970+

9654 0.38#! 1.5
:0.43#: 0.3

960+ 0.17 ;M/R

955+ 0.0 :MIR 0.264t 0.9 0.13 IR 0.02 :N/R 0.08 :NIR 0.14 :MIR 0.33#: 0.7 0.32#: 1.0

0.1 :O I/R 0.22#: 0.1
950+

945+

940+

0.13 XHR 0.2741, iI0." IN/A 0.254. 0.1 0.05 :,IR 0.06 !,IR 0.06 ;N 0.2311 1.0 0.10O :,/R
935+

LESEND- I a FLOW >a 0:2, •SACKS > 5.0 lExcludes PP Holes)

YALUES 9Mt~t ARE ROUNDED TO NE.AREST DECIMAiL SHOWII

Figure A8. Plot of floss and sacks at bottom of stage, report menlu, selection 4
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FOJIATIE HILLIM i GROUTIl
Daily Pay tas Record

DATE# 02/211/6 TO 03/02/Ui
PROJECT: STOIEAI. JAClS1 Wi SHIFT

Iteo No. : 68-c-I: 68-c-2 I I 68-o I 3-q 65-h-1 168-h-2 68-i I I 1-jI
Drill I rill ' Redrillt I 1 Placiang Placiagl Camest I I Additlmal, inumks

1 6rt. Holel Ort. Hole. 6rout I Drill I Press. I browt I Grut I in b 1 Btout I
Ballwy I Surface I Hole I Ezplor. Tstiql alleryl Srfacel best I Mkste I Pipe I

Hole eo. I (it) I (it) (ft)l I It) : (hr 1 (hr) I thr) :(cs.ft.)Icv.ft.|l Ifl I

C002 83.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
LL013PP 74.7 0.0 47.9 1.09 4.56 0.00 17.25 1.16
LL014PP 73.3 0.0 2.0 0.34 2.55 0.00 70.55 0.00
LL01SPP 77.0 0.0 2.0 0.43 3.9 0.00 19.60 0.00
LL0I6PP 73.8 0.0 2.0 0.43 4.10 0.40 13.65 0.00
LLOI7PP 76.7 0.0 2.0 0.51 1.25 0.00 14.0 0.00
LLOI1IP 74.5 0.0 2.0 0.34 1.5 0.0 10.92 0.00
LLOJgPP 75.1 0.0 2.0 0.25 1.43 0.00 3.13 0.00
LL020PP 69.1 0.0 2.0 0.51 1.27 0.00 26.39 14.33
LL021PP "6.5 0.0 2.0 0.43 4.92 0.00 66.14 13.44
RF00135 61.5 0.0 0.0 0.51 1.25 0.00 3.26 0.00
RF002S5 63.2 0.0 4.0 0.77 2.33 0.00 19.13 0.00
RFOO3SS 63.0 0.0 2.0 0.87 3.59 0.00 13.12 0.00
RFOO4SS 62.6 0.0 2.0 0.35 1.23 0.00 2.17 0.00
RFO05S 62.6 0.0 2.0 0.35 1.3 0.0 3.46 0.00
8FOOMS 61.5 0.0 2.0 0.43 0.50 0.00 0.56 0.00
R30SS 74.5 0.0 0.0 0.34 0.75 0.00 1.44 0.0
031SS 70.5 0.0 2.0 0.59 2.33 0.00 17.34 0.00
81032ff 70.0 0.0 2.0 0.59 0.33 0.00 0.4 0.00
2t0338 66.7 0.0 0.0 0.34 0.00 0.0 0.00 0.00
R133499 65.5 0.0 0.0 0.35 3.05 0.00 9.70 0.00
1M03595 60.4 0.0 2.0 0.35 1.11 0.00 1.82 6.62
1t0368S 58.5 0.0 2.0 0.35 0.77 0.00 1.11 0.00

TOTALS 1584.5 0.0 33.9 10.52 45.33 0.00 325.48 42.40

Figure A9. Pay item record for date range, main menu, selections 5 and 6
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Pao f. 1
4104/16

STONE NALL JA[SON CM
Brouting Data

PAY ITEN UAIITIES ACCM. TO DATE

PRESS.
WOLE SATE DATE N0. DRILL TEST 0IOJ Wo MATE

1IE STATI0N iN STARTED CI.ETE STAES FT N5 WS SAMCS SA CS

6CO01 1+11.50 0 05/1216 05/12184 1 107.0 0.00 0.00 0.00 0.00
6CO02 1.+2.00 0 02126/16 02124116 1 33.0 0.00 0.00 0.00 0.00

CO03 4+56 0 051141I6 05/1611 1 62.5 0.00 0.00 0.00 0.00
KC004 5.70 0 05/14/6 05/16/b 1 77.1 0.00 1.65 4.00 0.00
KC05 6+17 0 05/16/m 1 17.0 0.00 1.62 13.60 1.00
LIO01PP 5+01 1 0410313 1 29.7 0.00 0.00 0.0 0.00
LI02P 541 1 0410313 1 29.2 0.17 0.00 0.00 0.00
L1003PP 6+22,25 1 $4/15/16 04/17/36 1 34.2 0.17 0.63 0.10 0.0
LF001PP 7+32.73 1 03/12/6 03/26/86 1 12.7 0.59 2.22 10.30 0.00
LF001PP 7+32.73 2 04116/6 04111/86 I 21.6 0.17 2.33 22.11 0.00
LF00ISS 7+32.56 1 0410186 04104/4 1 37.4 0.17 1.47 5.11 0.00
LFOOISS 7+32.56 2 04122/16 1 21.4 0.17 0.00 0.00 0.00
LF002PP 7+32.89 I 03/121U6 03/26/6 2 36.4 0.51 0.25 0.40 0.00
LF002PP 7+32.89 2 04/16/86 04/17/36 1 21.3 0.17 0.00 0.00 0.00
LF002SS 7+33.27 1 04/00166 04/08/86 1 37.5 0.26 0.42 0.72 0.0
LF002SS 7.3.27 2 04/2216 1 21.3 0.24 0.00 0.00 0.00
LF003PP 7+33.70 1 03/12/6 0312616 2 36.4 0.51 0.42 0.55 0.00
LF003PP 7+33.70 2 04/16/6 $4/17/6 1 21.3 0.17 0.00 0.00 0.00
LF003SS 7+34.22 1 0410M18 04//0 4 1 37.5 0.17 0.17 0.10 0.00
LF003S8 7+34.22 2 04121/b 1 21.3 0.17 0.00 0.00 0.00
LFOO4PP 7+35 1 03110/16 43/241k 2 3.1 0.51 2.15 9.M 0.00
LFOO4PP 7+35 2 04116/6 04117/ 1 21.2 0.17 0.00 0.00 0.00
LF004SS 7+35 I 04/03/36 04/0/U 1 38.1 0.22 0.48 0.71 0.00
LFO4SS 7+35 2 04/2116 1 21.2 0.26 0.00 0.00 0.00
LFOO5PP 7+35 1 03107/34 031271 2 37.5 0.34 0.50 1.17 0.01
LF005PP 7+35 2 04/16/6 04/17/U 1 21.3 0.17 0.00 0.00 0.00
LF005S 7.35 1 04103/16 04/086 1 37.0 0.17 0.17 0.09 0.00
LF0055S 7.35 2 04/2116 1 21.3 0.17 0.00 0.00 0.00
LFOO4PP 7*35 1 03107/16 03/271M 2 36.7 0.34 0.13 1.66 0.00
LFOO6PP 7+35 2 04115/16 04/17/3 I 21.4 0.17 0.00 0.00 0.00
LFO06SS 7+35 1 04/03/36 04/09/U 1 37.0 0.26 1.42 2.9" 0.00
LF0065 7+35 2 04121/6 1 20.3 0.17 0.00 0.00 0.00
LF007PP 7+35 1 03107/16 03/26136 2 37.0 0.34 0.00 0.00 0.00
LFOO7PP 7+35 2 04115/6k 0411716 1 21.1 0.17 0.00 0.00 0.00
LF007S5 7+35 1 64/03116 04/0/3 1 37.3 0.17 0.00 0.00 0.00
LFOO7SS 7,35 2 04121/h 04/2316 1 21.3 0.17 1.00 1.43 0.00
LFO08PP 7+35 1 03/07/h4 03/27/k 2 31.0 0.34 1.67 2.65 2.31
LF001P 7.35 2 0411516 04/1716 1 21.9 0.17 1.33 7.07 0.00
LFOOUS 7+35 1 04/03/m 04M /3 39.1 0;17 2.02 3.3 1.03
LFOO6S 7+35 2 04/21/6 1 22.4 0.17 0.0 0.00 0.00
LFOOPP 7+35 1 03107/1 03/26/4 2 41.0 0.42 1.50 3.43 0.00
LFOOPP 7+35 2 0411513 1 23.1 0.17 0.00 0.00 0.00
LL0OIPP 4+$3.75 1 03/2/60312713 1 42.2 0.17 0.00 0.00 0.00
LLOQ1PP 4433.75 2 14/11/16 04/17/4 2 24.6 0.34 0.0 0.00 0.00
LLOO1SS 4+43.75 1 04/04/6 04/07/36 1 42.2 0.26 0.67 0.85 0.00
LLO01SS 4+43.75 2 04/1716 04/22/36 1 22.4 0.26 2.00 0.73 0.00

Totals appear on last page of printed table
Figure A1O. Pay quantity summary from project-hole file, main menu, selection 7
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CURTIN GROUTING STATISTICS
04/21/87

Sta. 0+92 to 7+78.5

Holes numbered GCO01 thru VVOI6PP

ZONE 1 (30 FT VERT.)

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 114 4,629.00 790.49 0.17

Secondary 102 4,174.50 179.83 0.04

Tertiary 49 2,439.70 61.36 0.03

Quaternary 10 498.30 3.25 0.01

Misc. 8 0.00 22.60 NO CALC.

ZONE 2 (20 FT VERT.)

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 85 1,804.80 637.92 0.35

Secondary 83 1,746.90 53.51 0.03

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE I & 2 TOTALS

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 114 6,433.80 1,428.41 0.22

Secondary 102 5,921.40 233.34 0.04

Tertiary 49 2,439.70 61.36 0.03

Quaternary 10 498.30 3.25 0.01

Misc. 8 0.00 22.60 NO CALC.

JOB TOTALS 283 *15,293.20 *1,748.96 0.1i

* Does not include redrill. * Does not include backfill or

waste.
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CURTIN GROUTING STATISTICS 04/21/87

Sta. 7+32.56 to 7+35

Holes numbered LFOOIPP thru LFOO9PP

ZONE 1 (30 FT VERT)

----------------------------------------------

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

----------------------------------------------------

Primary 1 337.00 30.01 0,09

Secondary 8 298.70 13.41 0.04

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE 2 (20 FT VERT.)

----------------------------------------------

NO, DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

------.---- --.--------

Primary q 193.90 29.25 0.15

Secondary 8 171.00 1.43 0.01

TertiarY 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE 1 & 2 TOTALS

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

------------------------ ------------------------------ 01

Primary 9 530.90 59.26 0.11

Secondary 8 469.70 14.84 0.03

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

MIsF. 0 0.00 0.00 0.00

JOB TOTALS t7 1,000.60 74.10 0.07
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CURTIN GROUTING STATISTICS

04/21/87

Sta. 4+38.75 to 7+33.75

Holes numbered LLOOIPP thru LL030SS

ZONE 1 (30 FT VERT.)

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 30 1,459.70 384.58 0.26

Secondary 30 1,454.90 94.63 0.07

Tertiary 36 1,779.50 39.36 0.02

Quaternary 6 325.40 3.25 0.01

Misc. 0 0.00 0.00 0.00

ZONE 2 (20 FT VERT.)

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 30 616.60 385.73 0.b3

Secondary 30 614.50 27.46 0.04

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE I & 2 TOTALS

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Prima'y 30 2,076.30 770.31 0.37

Secondary 30 2,069.40 122.09 0.06

Tertiary 36 1,779.50 39.36 0.02

Quaternary 6 325.40 3.25 0.01

Misc. 0 0.00 0.00 0.00

JOB TOTALS 102 6,250.60 935.01 0.15
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CURTIN GROUTING STATISTICS
04121187

Sta. 7+40.9 to 7+40.9

Holes numbered LSOOIPP thru LSOOIPP

ZONE 1 (30 FT VERT.)

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 1 18.40 0.51 0.03

Secondary 0 0.00 0.00 0.00

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE 2 (20 FT VERT.)

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Prmary 0 0.00 0.00 0.00

Secondary 0 0.00 0.00 0.00

Tertiary 0 0.00 0.00 0.00

wuaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE I & 2 TOTALS

NO. DRILLING SACKS SACKS PER

TYPE )WLE HOLES ROCK LF PLACED FT ROCK

Primar,. 1 18.40 0.51 0.03

Secondary 0 0.00 0.00 0.00

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

JOB TOTALS 1 18.40 0.51 0.03
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CURTIN GROUTING STATISTICS
04/21/ 87

Sta. 5+81 to 6+22.25

Holes numbered LDOOIPP thru LDOO3PP

ZONE 1 (30 FT VERT.)
----------------

NO. DRILLING SACKS SACKS PER
TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 3 93.10 0.80 0.01
Secondary 0 0.00 0.00 0.00

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE 2 (20 FT VERT.)

NO. DRILLING SACKS SACKS PERTYPE HOLE HOLES ROCK LF PLACED FT ROCK
Primary 0 0.00 0.00 0.00

Secondary 0 0.00 0.00 0.00

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE I & 2 TOTALS

NO. DRILLING SACKS SACKS PERTYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 3 93.10 0.80 0.01

Secondary 0 0.00 0.00 0.00

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

JOB TOTALS 3 93.10 0.80 0.01
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CURTIN GROUTING STATISTICS

Sta. 1+25 to 1+27.34 0/18

Holes numbered RFOOIPP thru RFOIOPP

ZONE 1 (30 FT VERT.)

No. DRILLING SACKS SACKS PERTYPE HOLE HOLES ROCK LF PLACED FT ROCK
---------- ---------------- - - - - - - - -

Primary 10 409.60 62.60 0.15
Secondary 9 365.00 34.91 0.10

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE 2 (20 FT VERT.)

NO. DRILLING SACKS SACKS PERTYPE HOLE HOLES ROCK LF PLACED FT ROCK
----- ---- ---- ---------------- - - - - - - - -

Primary 10 231.20 215.67 0.93
Secondary 9 205.80 9.39 0.05

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

misc. 0 0.00 0.00 0.00

ZONE I & 2 TOTALS

NO. DRILLING SACKS SACKS PERTYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 10 640.80 278.27 0.43

Secondary 9 570.80 44.30 0.08

Tertiary 00.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

misc. 0 0.00 0.00 0.00

JOB TOTALS 19 1,211.60 322.57 0.27
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CURTIN GROUTING STATISTICS
04/21/87

Sta. 1+26.25 to 4+73.75

Holes numbered RROOIPP thru RRO36TI

ZONE 1 (30 FT VERT.)

NO. DRILLING SACKS SACKS PER
TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 36 1,560.80 219.87 0.14

Secondary 36 1,570.60 32 95 0.02

Tertiary 13 660.20 22.00 0.03

Quaternary 4 172.90 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE 2 (20 FT VERT.)

NO. DRILLING SACKS SACKS PER
TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 36 763.10 7.27 0.01

Secondary 36 755.60 15.23 0.02

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE I & 2 TOTALS

NO. DRILLING SACKS SACKS PER
TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 36 2,323.90 227.14 0.10

Secondary 36 2,326.20 48.18 0.02

Tertiary 13 660.20 22.00 0.03

Quaternary 4 172.90 0.00 0.00

Misc. 0 0.00 0.00 0.00

JOB TOTALS 89 5,483.20 297.32 0.05
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CURTIN GROUTING STATISTICS
04/21/87

Sta. 0+92 to 1+11.50

Holes numbered RSOOIPP thru RSO08SS

ZONE 1 (30 FT VERT.)
-----------------

NO. DRILLING SACKS SACKS PERTYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 8 367.30 6.66 0.02
Secondary 8 289.70 0.00 0.00

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE 2 (20 FT VERT.)

-----------------

NO. DRILLING SACKS SACKS PERTYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 0 0.00 0.00 0.00
Secondary 0 0.00 0.00 0.00

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE I & 2 TOTALS
-----------------

NO. DRILLING SACKS SACKS PERTYPE HOLE HOLES ROCK LF PLACED FT ROCK
Primary 8 367.30 6.66 0.02

Secondary 8 289.70 0.00 0.00

Tertiary 0 0.00 0.00 0.00
Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

JOB TOTALS 16 657.00 6.66 0,01
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CURTIN GROUTING STATISTICS
04/21/87

Sta. 1+44 to 7+01

Holes numbered VVOOIPP thru VV0I6PP

ZONE 1 (30 FT VERT.)

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 7 209.10 37.11 0.18

Secc!, ry 0 0.00 0.00 0.00

p Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE 2 (20 FT VERT.)

NO. DRILLING SACKS SACKS PER

TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 0 0.00 0.00 0.00

Secondary 0 0.00 0.00 0.00

Tertiary 0 0.00 0.00 0.00

wuaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

ZONE I & 2 TOTALS

NO. DRILLING SACKS SACKS PER
TYPE HOLE HOLES ROCK LF PLACED FT ROCK

Primary 7 209.10 37.11 0.18

Secondary 0 0.00 0.00 0.00

Tertiary 0 0.00 0.00 0.00

Quaternary 0 0.00 0.00 0.00

Misc. 0 0.00 0.00 0.00

JOB TOTALS 7 209.10 37.11 0.18
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C'RTIN IROUTINO STATIsrIcs BY HOLE NUMBER

04/ 15/87
Range of Hole Numbers from 3 OCOo to VV01Pp

For Average sacks/ft value of4 1.0

HOLE SACKS ELEV. UF
NUMBER STATION PER FT MAJOR TAI<E

NF O4PP 1+25 4. 190 1018.97 1013.62
RFCO)OPP 1+25 o.180 1049.57
RF O07PP 1 f25 4..500 1045.37
RPC'36PP 1+33.75 0.590 1021.20

RRv21PP 2458. 75 0. 150 993. 23

RPOO FP 4+38.75 0. 350 974.79
003-F 4+56 0.840 982. 17 977.71 967.02

LLO!/PP 5+01.25 o. 270 978.85

1 L i) I 5+53. 75 0. 520 973.71
LLcit 4PP 5+ 7C .080 95 7.58 940.57

LLU.IPP 6 *43. 75 1.130 977.80
LLQ23PP 6+61 1.490 1034. 78 1002. 17 984.35
I L.'Y24PP 6+/3.75 1.330 987.52
1 L029FP ., 43. 75 2.230 1009.65
t SOO4PP 1+55.8 ) 1.560 1067.03

(J-60)



STONEWALL JACKSON DAM, WV - FOUNDATION GROUTING SUMMARY HOLES: LDOOIPP Ti) VVO1PP

HOLE DEPTH PRESSURE TESTING DATE GROUTING DATE
NUMBER STATION ELEV. ANGLE ZONE STAGE INTERVAL PRESS TOTAL CFM TESTED TAKE PRESS. MIX GROUTED

(ft) (ft) (psi) (c f) (cfa) (sks) (psi) (W/C)

RSOOSSS 0+92 1102.00 0 1 1 21.0-48.0 25.6 ulO 0.02 05107/86 NOT REQ.

RSOO5PP 0+94.50 1102.00 0 1 1 21.0-82.0 40.3 0.88 0.18 05/02/86 NOT REQ.

RSOO7PP 0+)6 1102.00 20 1 1 22.3-51.0 25.6 0.35 0.07 05/02/86 NOT REQ.

RSO008SS 0+96 1102.00 45 1 1 29.7-44.5 18.5 0.22 0.04 05/07/86 NOT REQ.

RS004SS 0+97 1102.00 0 1 1 21.0-48.0 25.6 0.05 0.01 05/07/86 NOT REQ.

RSOOSS 0+97 1102.00 15 1 1 21.7-49.6 25.6 0.44 0.09 05/07/86 NOT REQ.

RSOO8PP 0+97 1102.00 35 1 1 25.6-51.2 23.0 0.17 0.03 05/02/86 NOT REQ.

RS006PP 0+08 1102.00 10 1 1 21.3-48.7 25.6 0.04 0.01 05/02/86 NOT REQ.

RSO07SS 0+98 1102.00 25 1 1 23.2-53.0 25.6 0.12 0.02 05/07/86 NOT REQ.

RSOO4PP 0+99.50 1102.00 0 1 1 21.0-82.0 40.3 0.77 0.15 05/02/86 NOT REQ.

R5003SS 1+02 1102.00 0 1 1 21.0-82.0 40.3 0.35 0.07 05/07/86 NOT REQ.

RSOO3PP 1+04.50 1102.00 0 1 1 21.0-82.0 40.3 2.31 0.46 05/02/86 6.66 50.1 2:1 05/02/86
55.0 3:1

RSOO2SS 1+07 1102.00 0 1 1 21.0-82.0 40.3 0.85 0.17 05/07/86 NOT REQ.

RSOOiPP 1+09.50 1102.00 10 1 1 21.3-62.9 31.6 0.21 0.04 05/02/86 NOT REQ.

RSOO2PP 1+09.50 1102.00 0 1 1 21.0-82.0 40.3 0.00 0.00 05/02/86 NOT REQ.

GCOOI 1+11.50 1102.00 0 0 0 0.0-107.0 0.00 0.00 0.00 05/12/86 NOT REQ.

RSOOISS 1+11.50 1102.00 4 1 1 21.0-62.2 31.7 0.40 0.08 05/07/86 NOT REQ.
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RFO04PP 1+25 1051.07 53.53 1 1 1.3-12.4 21 0.09 0.02 02/12/86 NOT REQ.

1 2 12.4-41.5 29 8.80 1.76 02/19/86 6.47 33.3 1:1 02/19/86

33.3 1:1
2 1 41.5-54.4 31 7.04 1.41 03/05/86 144.98 35.69 1:1 03/07/86

40.75 2:12 2 54.4-63.9 40.3 0.42 0.08 03/10/86 NOT REQ.

RFO04SS 1+25 1051.58 58.18 1 1 1.3-41.5 31.3 1.89 0.38 02/25/86 0.78 29.4 3:1 02/26/86

29.4 3:1
2 1 41.5-65.4 34.8 1.14 0.23 03/13/86 1.39 34.9 3:1 03/13/86

34.9 3:1
RFOOSPP 1+25 1052.00 62.91 1 1 1.3-11.7 20 3.59 0.72 02/12/86 2.52 02/13/86

1 2 11.7-41.5 28 0.25 0.05 02/19/86 NOT REQ.

2 1 41.5-63.9 36.4 4.94 0.99 03/05/86 3.59 36.12 1:1 03/06/86

36.12 1:1

RFO05SS 1+25 1052.40 67.73 1 1 1.3-41.5 27.0 2.08 0.42 02/25/86 0.84 24.32 3:1 02/26/86

24.32 3:12 1 41.5-63.9 30.4 1.62 0.32 03/13/86 2.64 30.3 3:1 03/13/86

30.3 3:1

RFOO6PP 1+25 1052.77 72.61 1 1 1.3-10.7 19 5.78 1.20 02/12/86 3.30 02/13/86

1 2 10.7-41.0 25 0.31 0.00 02/19/86 NOT REQ.

2 1 41.0-63.4 32.0 0.30 0.06 03/05/86 NOT REQ.

RF0065S 1+25 1053.12 77.54 1 1 1.3-40.4 23.7 1.87 0.37 02/25/86 0.16 19.1 3:1 02/26/86

19.1 3:12 1 40.4-62.8 25.8 1.69 0.34 03/13/86 0.40 25.4 3:1 03/13/86
25.4 3:1

RFOO7PP 1+25 1053.45 82.51 1 1 1.3-13.2 20 2.22 0.55 02/12/86 0.18 02/13/86

1 2 13.2-40.4 22 0.56 0.11 02/19/86 NOT REQ.

2 1 40.4-62.8 24.54 7.06 1.41 03/05/86 35.12 27.28 1:1 03/06/86

28.27 3:1

RFOO7SS 1+25 1053.80 87.50 1 1 1.3-40.9 20.0 2.34 0.47 02/25/86 0.89 18.6 3:1 02/26/86

18.6 3:12 1 40.9-63.4 21.2 1.35 0.27 03/13/86 1.35 21.5 3:1 03/13/86

21.5 3:1
RFOO8PP 1+25 1054.10 92.50 1 1 1.3-12.8 19 0.15 0.03 02/12/86 NOT REQ.

1 2 12.8-41.6 19 j.90 1.18 02/19/86 15.21 2:1 0.17 02/19/86

18.7 2:1
2 1 41.6-64.5 16.78 7.05 1.41 03/05/86 24.08 22.28 0,61 03/06/8

23.10 2:1
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RFO08SS 1+25 1054.45 97.49 1 1 1.3-21.5 17.5 0.70 0.14 02/25/86 Nor REQ.

1 2 21.5-42.6 19.6 0.39 0.08 02/28/86 NOT REQ.

2 1 42.6-66.2 16.3 0.52 0.10 03/13/86 NOT REQ.

RFoo9PP 1+25 1054.77 102.5 1 1 1.3-12.3 18.0 0.03 0.00 02/12/86 NOT REQ.

1 2 12.3-43.7 16 4.24 3.45 02/19/86 16.34 15.3 1:1 02/19/86
15.5 2:1

2 1 43.7-68.5 18.2 4.45 0.89 03/05/86 1.87 18.35 2:1 03/06/86
18.35 2:1

RFOO9SS 1+25 1055.13 107.4 1 1 1.3-45.4 18.5 2.42 0.48 02/25/86 0.34 5.4 3:1 02/26/86
5.4 3:1

2 1 45.4-70.7 11 0.57 0.11 03/13/86 NOT REQ.

RFOIOPP 1+25 1055.50 112.3 1 1 1.3-13.3 17 1.08 0.27 02/12/86 0.57 02/13/86

1 2 13.3-47.7 12 6.95 1.39 02/19/86 0.17 12.0 1:1 02/19/86
12.0 1:1

2 1 47.7-74.4 12.6 4.95 0.99 03/05/86 5.19 12.46 2:1 03/06/86
12.46 2:1

RFOO3PP I+25.36 1050.25 44.60 1 1 1.3-41.8 33 1.32 0.26 02/12/86 0.16 02/13/86

2 1 41.8-64.2 43.8 3.02 0.60 03/05/86 0.84 44.06 3:1 03/06/86
44.06 3:1

RFO03SS 1+25.79 1051.25 49.00 1 2.4-37.9 18.8 6.44 1.29 02/25/86 12.99 23.3 2:1 02/25/86

23.3 2:1
1 2 37.9-43.0 30.5 0.02 0.01 02/28/86 NOT REQ.

2 1 43.0-63.9 38.0 7.59 1.52 03/13/86 0.13 38.0 3:1 03/13/86
38.0 3:1

RR036SS 1+26.25 1050.25 27 1 1 1.3-38.8 30.3 0.07 0.01 02/25/86 NOT REQ.

2 1 38.8-59.8 37.9 1.51 0.30 03/13/86 1.11 37.9 3:1 03/13/86
37.9 3:1

RFO02SS 1+26.68 1051.25 40.34 1 1 2.4-38.2 16.6 6.53 1.31 02/25/86 18.91 1 34. 2:1 02/25/86
34.5 382

1 2 38.2-43.2 32.7 0.01 0.00 02/28/86 NOT REQ.

2 1 43.2-65.6 41.5 7.60 1.52 03/13/86 0.22 41.5 3:1 03/13/86
41.5 3:1

RFOOIPP 1+27.03 1050.25 30.61 1 1 1.3-41.5 36.6 8.90 1.78 02/19/86 17.13 37.9 2:1 02/13186
37.9 2:1

2 1 41.5-63.9 49.0 0.12 0.02 03/05/86 NOT REQ.

RFOO2PP 1+27.04 1051.25 36.27 1 1 1.3-43.0 37.0 4.10 0.82 02/19/86 0.55 38.4 2:1 02/13i'86
38.4 2:1
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2 1 43.0-65.4 46.4 0.23 0.05 03/05/86 NOr REQ.

RFOOISS 1+27.34 1051.25 32.42 1 1 2.4-41.5 34.3 0.21 0.04 02/25/86 3:1 4 0.38 03/13/86

3:1 4 0.38
2 1 41.5-63.9 43.2 7.51 1.50 03/13/86 3.26 3:1 4 0.11 03/13/86

43.6 3:1

RRO36TI 1+28.75 1050.25 27 1 1 1.3-60.3 38.5 0.25 0.05 03/18/86 NOT REQ.

RRO36PP 1+31.25 1050.25 27 1 1 1.3-32.6 32.9 12.8 2.56 02/12/86 31.26 1:1 0.13 02/13/86
32.6 2:1

1 2 32.6-39.6 35.3 0.15 0.00 02/19/86 NOT REQ.

2 1 39.6-61.1 43.79 0.10 0.02 03/05/86 NOT REQ.

RR035T2 1+33.75 1050.25 27 1 I 1.3-61.7 39.1 0.50 0.10 03/18/86 NOT REQ.

RR035SS 1+36.25 1050.00 27 1 1 1.3-41.9 31.0 1.80 0.36 02/25/86 0.16 31.5 3:1 02/25/86
31.5 3:1

2 1 41.9-61.7 38.6 2.60 0.52 03/13/86 1.66 38.6 3:1 03/13/86
38.6 3:1

RRO35TI 1+38.75 1050.00 27 1 1 1.3-61.7 39.1 0.29 0.06 03/18/86 NOT REQ.

RRO35PP 1+41.25 1050.00 27 1 1 1.3-45.7 37.5 6.49 1.29 02/12/86 0.78 37.8 2:1 02/13/86
37.8 2:1

2 1 45.7-62.6 44.37 0.14 0.03 03/05/86 NOT REQ.

RRO34T2 1+43.75 1050.00 27 1 1 1.3-61.7 39.1 0.43 0.09 03/18/86 NOT REQ.

VVOOIPP 1+44 1050.00 0 1 1 1.3-33.0 34.6 11.25 2.25 02/12/86 30.71 35.1 2:1 02/13/86
35.1 2:1

RRO34SS 1+46.25 1050.00 27 1 1 1.3-49.9 34.1 1.90 0.38 02/25/86 0.90 34.5 3:1 02/25/86
34.5 3:1

2 1 49.9-66.8 40.6 4.62 0.92 03/13/86 8.80 40.6 3:1 03/13/86
40.6 3:1

RRO34TI 1+48.75 1048.00 27 1 1 1.3-60.2 43.5 0.36 0.07 03/18/86 NOT REQ.

RRO34PP 1+51.25 1046.00 27 1 1 1.3-50.4 39.7 5.15 1.03 02/12/86 22.60 40.4 1:1 02/12/86
40.8 2:1

2 1 50.4-67.0 46.05 0.05 0.01 03/05/86 NOT REQ.

RRO33T2 1+53.75 1044.25 27 1 1 1.3-55.2 41.6 1.02 0.30 03/18/86 NO RECOR

RR033SS 1+56.25 1042.50 27 1 1 1.3-51.3 39.5 0.12 0.02 02/25/86 NOT REQ.
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2 1 51.3-68.0 46.1 0.25 0.05 03/13/86 NOT REQ.

RRO33TI 1+58.75 1040.50 27 1 1 1.3-56.8 42.2 0.25 0.05 03/18/86 NOT REY.

RRO33PP !+61.25 1039.00 27 1 1 1.3-52.2 45.4 2.80 0.5b 02/12/86 3.45 45.4 2:1 02/12/86
45.4 2:1

2 1 52.2-69.0 51.44 0.13 0.03 03/04/86 NOT REQ.

GCO02 1+62.00 1039.00 20 US 0 0 0.0-83.0 0.00 0.00 0.00 02/26/86 NOT REQ.

RRO32T2 1+63.75 1039.00 27 1 1 1.3-49.4 39.4 2.42 0.48 03/18/86 1.87 39.2 3:1 03/18/86
39.2 3:1

RRO32SS 1'b6.25 1038.00 27 1 1 1.3-38.2 21.6 6.65 1.33 02/25/86 0.64 35.7 2:1 02/25/86
35.7 2:1

1 2 38.2-54.1 41.1 0.04 0.01 02/28/86 NOT REQ.

2 1 54.1-71.3 47.3 0.07 0.01 03/13/86 NOT REQ.

RRO3202 1+67.50 1037.00 27 1 1 1.3-47.1 38.0 0.06 0.01 03/20/86 NOT REQ.

RRM32TI 168.75 1036.00 27 1 1 1.3-46.0 38.1 1.65 0.33 03/18/86 14.13 38.0 1:1 03/18/86
38.6 3:1

RRO32I 1+70.00 1035.25 27 1 1 1.3-45.2 37.3 0.02 0.00 03/,0/86 40T REQ.

RRO,32PP 1+71.25 1034.75 27 1 1 1.3-54.2 46.2 6.8 1.33 02/12/86 20.10 46.5 2:1 02!12JA
46.5 2:1

2 1 54.2-72.4 52.7 0.14 0.03 03/04/86 NOT REQ.

RRO3IQ4 1+72.50 1033.75 27 1 1 1.3-43.5 36.7 0.01 0.00 03/20/86 NOT REQ.

RRO3IT2 1+73.75 1032.75 27 1 1 1.3-47.4 38.6 1.62 0.32 03/18/86 6.00 38.7 1:1 03/18/86
39.3

RRO31Q3 1+75.00 1031.75 27 1 1 1.3-42.3 36.2 0.13 0.03 03/20/86 NOT REQ.

RR03ISS 1+76.25 1030.75 27 1 1 1.3-37.0 23.2 6.54 1.31 02/25/86 17.34 35.1 2:1 02/25/86
35.1 2:1

1 2 37.0-53.8 46 0.08 0.02 02/28/86 NOT REJ.

2 1 53.8-71.8 52.5 0.41 0.08 03/13/86 NOT REQ.

RRO3ITI 1+78.75 1029.00 27 1 1 1.3-38.2 35.1 0.79 0.16 03/18/86 NOT REQ.
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RRO31PP 1+81.25 1029.00 27 1 1 1.3-55.3 51.6 10.7 2.14 02/12/86 10.04 52.0 2:1 02/12/86
52.0 2:1

2 1 55.3-73.3 58.1 0.17 0.03 03/04/86 Nor REQ.

VVOO2PP 1+84 1029.00 0 1 1 1.3-39.0 47.2 7.6 1.52 02/12/86 6.40 47.8 2:1 02/12/86
47.8 2:1

RR03OSS 1+86.25 1028.90 27 1 1 1.3-58.1 47.3 4.33 0.87 02/25/86 1.44 47.2 2:1 02/25/86
47.2 2:1

2 t 58.1-76.1 54.2 0.17 0.03 03/13/86 NOT REQ.

RRO3OT! 1+88.75 1027.00 27 1 1 1.3-41.5 45.9 0.50 0.10 03/31/86 NOT REQ.

RRO3OPP 1+91.25 1025.00 27 1 1 1.3-57.5 52.4 6.60 1.32 02/12/86 0.47 52.2 2:1 02/12/86
52.2 2:1

2 1 57,5-75.5 59.13 0.74 0.15 03/04/86 NOT REQ.

RRO29PP 1+93.75 1004.00 27 1 1 1.3-13.8 46.6 0.00 0.00 01/15/86 NOT REG.

1 2 13.8-40.0 58.3 0.13 0.03 01/23/86 NOT REG.

2 1 40.0-57.8 67.6 0.43 0.09 02/03/86 NOT REQ.

RR029T2 1+93.75 1023.00 27 1 1 1.3-37.0 44.2 0.75 0.15 03/31/86 NOT REQ.

RR029SS 1+96.25 1021.25 27 1 1 1.3-57.3 52.0 0.02 0.01 02/25/86 NOT REQ.

2 1 57.3-75.3 58.9 0.05 0.01 03/13/86 NOT REQ.

GCO06 1+98.75 1005.00 10 D5 0 0 0.0-10.5 44.4 0.78 0.15 05/28/86 NOT REQ.

RR028SS 1+98.75 1004.00 27 1 1 1.3-42.9 46.8 0.49 0.10 01/28/86 NOT REQ.

2 1 42.9-60.7 58.7 0.81 0.16 02/05/86 NOT REQ.

RR028PP 2+03.75 1003.75 27 1 1 1.3-12.0 45.8 2.15 0.43 01/15/86 2.00 46.6 3:1 01/17/86
46.b 3:1

1 2 12.0-43.4 59.8 0.37 0.07 01/23/86 NOT REQ.

2 1 43.4-63.6 69.8 0.64 0.13 02/03/86 NOT REQ.

GCO07 2+07.50 1005.00 10 OS 0 0 0.0-10.5 44.4 7.75 1.55 05/28/86 5.00 05/28/86

RR02755 2+08.75 1003.75 27 1 1 1.3-43.9 47.2 0.22 0.04 01/28/86 NOT REQ.

2 1 43.9-65.4 b0.4 0.24 0.06 02/05/86 NOT REU.
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RRO27PP 2f13.75 1003.50 27 1 1 1.3-11.5 45.6 0.16 00 01/15/86 NOT REG.

1 2 11.5-44.2 58.0 0.11 0.06 01/23/86 NOT REU.

2 1 44.2-65.? 70.6 0.11 0.02 02/03/86 NOT REG.

RR02bSS 2f18.75 1002.50 27 1 1 1.3-43.7 37.2 3.07 0.61 01/28/86 1.99 37.2 3:1 01/28/86
37.2 3:1

2 1 43.7-65.1 60.4 0.32 0.06 02/05/86 NOT REg.

RRO26PP 2+23.75 1001.80 27 1 1 1.3-9.6 44.7 0.61 0.12 01/15/86 0.25 45 >1 01/17/86
45 3:1

1 2 q.6-43.2 59.7 0.12 0.02 01/23/86 NOT REQ.

2 1 43.2-b4.9 70.3 1.85 0.37 02/03/86 1.22 70.8 3:1 02/03/86
70.8 3:1

RR025SS 2+28.75 1001.75 27 1 1 1.3-43.9 37.2 0.03 0.00 01/28/86 NOr REQ.

2 1 43.9-65.5 60.1 0.50 0.10 02/05/86 NOT REQ.

RRO25PP 2+33.75 1001.75 27 1 1 1.3-9.4 44.7 6.07 1.21 01/15/86 3.50 45 3:1 01/17/86
45 3:1

1 2 9.4-44.5 60.3 0.17 0.03 01/23/86 NOT REQ.

2 1 44.5-65.9 70.7 0.21 0.04 02/03/86 NOT REQ.

RR024SS 2+38.75 1001.50 27 1 1 1.3-18.1 37.4 0.62 0.12 01/28/86 NOT REQ.

1 2 18.1-44.8 47.6 0.79 0.16 01/31/86 NOT REQ.

2 1 44.8-66.2 60.8 6.0 1.20 02/05/86 0.91 bO.b 2:1 02/05/86
60.8 3:1

RRO24PP 2+43.75 1001.50 27 1 1 1.3-9.5 44.7 0,00 0.00 01/15/86 NOT REQ.

1 2 9.5-43.3 59.8 0.04 0.00 01/23/86 NOT REQ.

2 1 43.3-66.8 71.0 0.21 0.04 02/03/86 NOT REQ.

RR02355 2+48.75 1001.25 27 1 1 1.3-14.0 35.8 4.73 0.95 01/28/86 1.0S 35.8 3:1 01/28/86
35.8 3:1

1 2 14.0-46.6 48.3 0.95 0.19 01/31/86 NOT REQ.

2 1 46.6-67.1 61.4 1.25 0.25 02/05/86 1.28 61.9 3:1 02/05/8b
61.9 3:1

RRO23PP 2+53.75 1001.25 27 1 1 1.3-9.0 44.5 5.7 1.14 01/15/86 7.00 45 3:1 01/17/8b
45 3:1

1 2 9.0-18.7 48.8 1.19 0.24 01/23/86 NO RECOR
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1 3 18.7-46.2 57.7 0.32 0.06 01/23/86 NOT REQ.

2 1 46.2-67.6 71.3 2.4 0.48 02/03/86 2.00 72.1 3:1 02/03/86

72.1 >j
RR022SS 2+58.75 1001.00 27 1 1 1.3-46.5 48.2 0.25 0.05 01/28/86 NOT REg.

2 1 46.5-67.9 61.0 0.75 0.15 02/05/86 NOT REG.

RRO22PP 2+63.75 1001.00 27 1 1 1.3-9.8 44.8 0.33 0.07 01/15/86 0.25 45.4 3:1 01/17/86
45.4 

3:11 2 9.8-47.0 61.4 0.91 0.18 01123/86 NOT REQ.

2 1 47.0-68.5 71.7 1.23 0.25 02/03/86 0.61 72.5 0 02/03/86

72.5 0
VV0O4PP 2+64.00 1001.00 0 1 1 1.3-18.6 38.4 0.61 0.12 01/31/86 NOT REQ.

RR021SS 2+68.75 999.25 27 1 1 1.3-45.6 57.9 0.31 0.06 02/14/86 NOr REG.

2 1 45.6-67.2 66.2 0.68 0.14 02/20/86 NOT REQ.

RRO21PP 2+73.75 995.25 27 1 1 1.3-41.9 61.5 0.21 0.04 02/07/86 NOT REQ.

2 1 41.9-63.3 69.7 0.46 0.09 02119/86 NOT REQ.

RR0205S 2+78.75 994.50 27 1 1 1.3-41.8 56.4 0.03 0.01 02/14/86 NOT REQ.

2 1 41.8-63.4 64.7 0.53 0.11 02/20/86 NOT REQ.

RRO2OPP 2+83.75 Q94.50 27 1 1 1.3-18.9 52.7 5.88 1.96 02/07/86 0.27 52.7 1:1 02/07/86

52.7 1:11 2 18.9-41.9 61.5 0.10 0.02 02/10/86 NOT REQ.

2 1 41.9-63.7 69.9 0.24 0.05 02/19/86 NOT REQ.

RROI9SS 2+88.75 994.50 27 1 1 1.3-42.0 5.5 0.96 0.19 02/14/86 NOT REQ.

2 1 42.0-64.1 65.0 7.95 1.59 02/20/86 0.08 02/21/86

RROI9PP 2+93.75 994.25 27 1 1 1.3-41.8 61.0 9.80 1.96 02107186 3.54 61.0 1:1 02/07186

61.0 1:12 1 41.8-64.0 69.9 0.24 0.05 02/19186 NOT REQ.

RROIBSS 2+98.75 994.25 27 L 1 1.3-41.9 56.5 0.86 0.17 02/14/86 NOT REQ.

2 1 41.9-64.1 65.0 5.03 1.01 02/20/86 0.79 65.1 2:1 02/211/86

65.4 4:1
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RRO18PP 3+03.75 994.25 27 1 1 1.3-42.0 61.5 0.30 0.06 02107186 NOr REQ.

2 1 42.0-64.3 70.1 0.64 0.13 02/19/86 NOT REQ.

RRO17SS 3+08.75 994.25 27 1 1 1.3-42.4 56.7 0.16 0.03 02/14/86 NOT REQ.

2 1 42.4-64.4 65.1 0.85 0.17 02/20/86 NOT REQ.

RROI7PP 3+13.75 q94.00 27 1 1 1.3-27.1 55.8 1.57 0.31 02/07/86 0.90 55.8 2:1 02/07/86
55.8 3:1

1 2 27.1-42.3 61.6 0.16 0.03 02/10/86 NOT REQ.

2 1 42.3-64.3 70.1 0.70 0.14 02/19/86 NOT REQ.

RRO16SS 3+18.75 994.00 27 1 1 1.3-42.5 56.7 0.04 0.01 02/14/86 NOT REQ.

2 1 42.5-64.5 65.2 0.14 0.03 02/20/86 NOT REQ.

RROI6PP 3+23.75 994.00 27 1 1 1.3-19.5 52.9 3.30 0.66 02/07/86 2.23 52.1 3:1 02/07/86
52.1 3:1

1 2 19.5-42.5 61.7 0.24 0.05 02/10/86 NOT REQ.

2 1 42.5-64.8 70.2 0.95 0.19 02/19/86 NOT REQ.

RROI5SS 3+28.75 993.75 27 1 1 1.3-42.4 56.7 0.04 0.01 02/14/86 NOr REQ.

2 1 42.4-64.7 65.2 0.84 0.17 02/20/86 NOT REQ.

RRO1SPP 3+33.75 993.75 27 1 1 1.3-42.5 61.7 0.62 0.12 02/07/86 0.23 62.4 3:1 02/07/86
62.4 3:1

2 1 42.5-64.8 70.2 0.33 0.07 02/19/86 NOT REQ.

RROI4SS 3+38.75 993.75 27 1 1 1.3-42.7 56.8 0.20 0.04 02/14/86 NOT REQ.

2 1 42.7-64.9 65.3 0.77 0.15 02/20/86 NOT REQ.

RROI4PP 3+43.75 993.75 27 1 1 1.3-28.6 56.4 4.36 0.87 02/07/86 4.86 56.6 3:1 02/07/86
56.6 3:1

1 2 28.6-42.9 61.8 1.13 0.23 02/10/86 0.49 62.6 3:1 02/10/8b
62.6 3:1

2 1 42.9-65.0 70.3 0.2J 0.05 02/19/86 NOT REQ.

RRO13SS 3+48.75 93.75 27 1 1 1.3-43.2 57 0.68 0.14 02/14/86 NOT REQ.

2 1 43.2-65.2 65.4 0.84 0.17 02/20/86 NOT REQ.

RROI3PP 3+53.75 qQ3.75 27 1 1 1.3-43.3 62.0 9.78 1.96 02/07/86 2.05 62.5 1:1 02107/86
62.5 1:1
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2 1 43.3-65.3 70.5 0.99 0.20 02/19/86 NOT REv.

RRO12SS 3+58.75 993.75 27 1 1 1.3-43.5 57.1 0.42 0.08 02/14/86 NOT REG.

2 1 43.5-65.7 65.6 0.87 0.17 02/20/86 NOT REQ.

RROI2PP 3+63.75 993.50 27 1 1 1.3-11.9 50.0 9.6 1.92 02/07/86 4.13 50 1:1 02/07/86

50.3 2:11 2 11.9-43.2 62.0 1.84 0.37 02/10/86 3.34 02/10/86

2 1 43.2-65.6 70.6 0.52 0.10 02/19/86 NOT REQ.

RROIISS 3+68.75 993.50 27 1 1 1.3-43.2 57.0 1.42 0.28 02/14/86 NO RECOR

2 1 43.2-65.6 65.6 1.65 0.33 02/20/86 0.60 36.4 4:1 02/21/86

36.4 4:1

RROIIPP 3+73.75 993.50 27 1 1 1.3-13.5 46.5 0.31 0.06 01/15/86 0.50 46 3:1 01/16/86

46 3:11 2 13.5-43.2 56,5 0.59 0.12 01/22/86 0.50 59.7 3:1 01/22/86
59.7 3:1

2 1 43.2-66.7 71.1 0.53 0.11 02/04/86 NOT REQ.

RROIOSS 3+78.75 993.50 27 1 1 1.3-43.2 57.0 1.27 0.25 01/31/86 1.05 56.7 3:1 01/31/86

56.7 3:1
2 1 43.2-65.6 65.6 0.33 0.07 02/06/86 NOT REQ.

RRO1OPP 3+83.75 9Q3.50 27 1 1 1.3-14.2 46.8 0.25 0.05 01/15/86 0.50 46 3:1 01/17/86

46 3:1
1 2 14.2-43.1 59.7 1.73 0.35 01/22/86 0.35 59.7 3:1 01/22/86

59.7 3:1
2 1 43.1-65.7 70.6 0.53 0.11 02/04/86 NOT REQ.

RRO09SS 3+88.75 993.50 27 1 1 1.3-43.2 57.0 1.68 0.34 01/31/86 0.88 56.7 3:1 01/31/86

56.7 3:1
2 1 43.2-65.6 65.6 0.53 0.11 02/06/86 NOT REQ.

RRO09PP 3+93.75 993.50 27 1 1 1.3-13.9 46.7 0.00 0.00 01/15/85 NOT REQ.

1 2 13.9-43.0 59.6 1.35 0.27 01/22/86 1.50 59.6 3:1 01/22/86

59.6 3:1
2 1 43.0-65.6 70.6 0.30 0.06 02/04/86 NOT REQ.

RRO08SS 3+98.75 993.50 27 1 1 1.3-43.2 57.0 2.90 0.58 01/31/86 0.46 56.7 3:1 01/31/86

56.7 3:12 1 43.2-65.6 65.6 0.74 0.15 02/06/86 NOT REQ.

RROO8PP 4+02.50 993.50 27 1 1 1.3-14.2 26.8 1.75 0.35 01/15/86 4.00 46 3:1 01/17/86

46 3:1
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1 2 14.2-30.0 53.8 2.1 0.42 01/22/86 1.00 53.8 3:1 01/22186
53.8 3:1

1 3 30.0-43.2 59.7 1.03 0.21 01/27/86 1.00 NO RECOR

2 1 43.2-65.6 70.6 1.08 0.18 02/04/86 NOT REQ.

RRO07SS 4+06.25 987.50 27 1 1 1.3-36.4 54.4 2.22 0.44 01/31/86 0.64 57.2 3:1 01/31/86
57.2 3:1

2 1 36.4-58.9 63.0 0.19 0.04 02/06/86 Nor REQ.

RROO7PP 4+13.75 993.50 27 1 1 1.3-16.2 47.7 0.00 0.00 01/15/86 NOT REQ.

1 2 lb.2-29.2 53.5 0.24 0.05 01/22/86 53.5 3:1 01/22/86
53.5 3:1

1 3 28.0 53 1.38 0.27 01/27/86 0.84 53 3:1 01/27/86
53 3:1

1 4 29.2-43.2 47.0 0.10 0.02 01/28/86 NOT REQ.

2 1 43.2-65.6 70.6 0.33 0.07 02/04/86 NOT REQ.

RRO06SS 418.75 993.50 27 1 1 1.3-31.4 52.0 0.52 0.10 01/30/86 0.80 56.7 3:1 01/31/86
56.7 3:1

1 2 31.4-43.2 57.0 2.15 0.43 01/31/86 NO RECOR

2 1 43.2-65.6 65.6 0.66 0.13 02/06/86 NOT REQ.

RROO6PP 4+23.75 993.50 27 1 1 1.3"13.2 26.35 3.38 0.68 01/15/86 2.00 46 3:1 01/16/86
46 3:1

1 2 13.2-43.8 60.0 1.21 0.24 01/22/86 0.60 60 3:1 01/22/86
60 3:1

2 1 43.8-65.6 70.6 0.21 0.04 02/04/86 NOT REQ.

RROO5SS 4+28.75 993.50 27 1 1 1.3-48.2 58.9 1.70 0.34 01/31/86 1.51 59.2 3:1 01/31/86
59.2 3:1

2 1 48.2-65.6 65.6 0.12 0.02 02/06/86 NOT REQ.

RROOSPP 4+33.75 993.50 27 1 1 1.3-13.2 36.35 12.45 2.49 01/15/86 3.00 46 2:1 01/17/86
46 2:1

1 2 13.2-21.5 50.0 4.90 0.98 01/22/86 15.50 50 2:1 01/22/86
50 3:1

1 3 21.5-4.9 56 2.02 0.40 01/27/86 0.81 56.0 3:1 01/27/86
56.0 3:1

1 4 34.9-43.1 46.9 0.58 0.12 01/28/86 NOT REQ.

2 1 43.1-65.6 70.6 0.77 0.15 02/04/86 NOT REQ.

LLOOIPP 4+38.75 993.75 27 1 1 1.3-43.5 61.6 0.48 0.10 03/27/86 NOT RE9.

2 1 43.5-47.7 63.3 0.52 0.10 04/15/86 NOT REQ.
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2 2 47.7-65.9 70.2 0.65 0.13 04/17/86 NUT REY.

RRO04SS 4+38.75 993.75 27 1 1 1.3-43.5 57.1 1.96 0.39 01/30/86 0.37 56.9 3:1 01/31/86
56.9 3:1

2 1 43.5-65.9 65.7 0.24 0.05 02/06/86 NOT REQ.

LLOOISS 4+43.75 993.75 27 1 1 1.3-43.5 56.7 8.71 1.74 04/07/86 0.85 56.3 3:1 04/08/86
56.3 3:1

2 1 43.5-65.9 65.2 2.68 0.54 04/22/86 0.78 70.5 4:1 04/22/86
70.5 4:1

RROO4PP 4+43.75 993.75 27 1 1 1.3-13.2 26.35 2.94 0.59 01/15/86 5.00 45 3:1 01/1b/86
4b 3:1

1 2 13.2-23.6 51.0 0.82 0.16 01/22/86 0.25 51 3:1 01/22/86
51 3:1

1 3 23.6-43.5 59.9 0.75 0.15 01/27/86 NOT REQ.

2 1 43.5-65.9 70.7 8.25 1.65 02/04/86 3.33 71.4 2:1 02/04/86
71.4 2:1

LLO02PP 4+48.75 993.75 27 1 1 1.3-33.2 57.7 2.16 0.43 03/27/86 0.33 58.0 2:1 03/31/86
58.0 2:1

1 2 33.2-43.5 61.7 0.66 0.13 04/03/86 NOT REQ.

2 1 43.5-65.9 70.2 0.45 0.09 04/15/86 NOT REQ.

RRO03SS 4+48.75 '93.75 27 1 1 1.3-43.5 57.1 2.80 0.56 01/30/86 0.92 56.9 3:1 01/31/86
56.9 3:1

2 1 43.5-65.9 65.7 0.21 0.04 02/06/86 NOT REQ.

LLO02SS 4+53.75 993.75 27 1 1 1.3-47.5 58.2 8.85 1.77 04/07/86 0.08 58.3 3:1 04/08/86
58.3 3:1

2 1 43.5-65.9 65.2 1.25 0.25 04/22/86 0.13 70.5 4:1 04/22/86
70.5 4:1

RROO3PP 4+53.75 993.75 27 1 1 1.3-13.0 26.3 6.5 1.30 01/15/86 40.50 46 2:1 01/15/86
46 3:1

1 2 13.0-18.2 48.5 12.4 2.48 01/22/86 5.40 48.5 2:1 01/22/86
48.5 2:1

1 3 18.2-30.9 54.3 1.3 0.26 01/27/86 0.22 54.3 3:1 01/27/86
54.3 3:1

1 4 30.9-43.5 47.1 0.35 0.07 01/28/86 NOT REQ

2 1 43.5-65.9 70.7 7.30 1.46 02/04/86 0.11 71.4 2:1 02/04/86
71.4 2:1

GCO03 4+56 993.70 0 0 0 0.0-62.5 0.00 0.00 0.00 05/16/86 NOT REQ.

LL003PP 4+58.75 993.75 27 1 1 1.3-15.5 50.9 4.72 0.94 03/27/86 0.33 39.9 1:1 03/27/86
39.9 1:1

1 2 15.5-43.5 61.7 0.09 0.02 04/03/86 NOT REQ.
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2 1 43.5-65.9 70.2 0.27 0.05 04/15/86 Jr REQ.

RRO02SS 4+58.75 993.75 27 1 1 1.3-40.8 56.1 2.1 0.42 01/30/86 0.62 56.1 3:1 01/31/86
56.1 3:1

2 1 40.8-65.9 65.7 0.17 0.03 02/06/86 NOT REQ.

LLO03SS 4+63.75 993.75 27 1 1 1.3-43.5 56.7 0.39 0.08 04/07/86 NOT REQ.

2 1 43.5-65.9 65.2 0.45 0.09 04/22/86 NOT R[Q.

RROO2PP 4+63.75 993.75 27 1 1 1.3-14.8 47.1 1.3 0.26 01/15/86 3.00 4:1 3:1 O/Ib/86
47 4:1

1 2 14.8-19.1 49.0 8.45 2.45 01/22/86 7.10 49 2:1 01/22/86
49 2:1

1 3 19.1-43.5 59.9 0.87 0.17 01/27/86 NOT REQ.

2 1 43.5-65.9 70.7 0.41 0.08 02/04/86 NOT REQ.

[LOO4PP 4+68.75 993.75 27 1 i 1.3-43.5 61.6 0.70 0.14 03/27/86 NOT REQ.

2 1 43.5-65.9 70.2 0.30 0.06 04/15/86 NOT REQ.

RROOISS 4+68.75 q93.75 27 1 1 1.3-43.5 57.1 5.0 1.00 01/30/86 1.58 56.9 3:1 01/31/86
56.Q 3:1

2 1 43.5-65.9 65.7 0.43 0.09 02/06/86 NOT REQ.

LLO04SS 4+73.75 993.75 27 1 1 1.3-43.5 56.7 1.63 0.33 04/07/86 0.66 56.2 3:1 04/08/86
56.2 3:1

2 1 43.5-65.9 65.2 1.15 0.23 04/22/86 1.00 70.5 4:1 04/22/86
70.5 4:1

RROOIPP 4+73.75 '93.75 27 1 2 11.7-18.1 48.5 6.19 1.20 01/22/86 1.50 48.5 2:1 01/22/86
48.5 2:1

1 3 18.1-43.5 59.9 1.3 0.26 01/27/86 0.56 59.9 3:1 01/27/86
59.9 3:1

2 1 43.5-65.9 70.7 0.20 0.04 02/04/86 mur REQ.

LLOO5PP 4+78.75 993.75 27 1 1 1.3-20.5 52.9 3.q7 0.7) 03/27/86 2.91 52.1 2:1 03/31/86
52.1 2:1

1 2 20.5-43.5 61.7 1.60 0.32 04/03/86 1.00 61.3 3:1 04103/86
61.3 3:1

2 1 43.5-65.9 70.2 0.52 0.10 04/15/86 NOT REQ.

LLOOSTI 4+81.25 994.00 27 1 1 1.3-15.7 46.0 0.07 0.01 04/24/86 NOT REQ.

1 2 15.7-33.9 53.0 2.05 0.41 05/01/86 1.50 05/02/86

1 3 33.9-38.2 54.6 0.86 0.17 05/05/86 NOT REQ.
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LLOOSSS 4+83.75 994.00 27 1 1 1.3-43.5 56.7 1.37 0.27 04/07/86 0.43 5b.2 3:1 04/08/86
56.2 3:1

2 1 43.5-65.9 65.2 0.12 0.02 04/22/86 NOT REQ.

LLOO5T2 4+86.25 994.00 27 1 1 1.3-15.7 46.0 0.02 0.01 04/24/86 NOT REQ.

1 2 15.7-38.2 54.b 0.43 0.09 05/01/86 NOT REQ.

LLOObPP 4+88.75 9Q4.00 27 I 1 1.3-19.5 52.5 11.56 2.31 03/27/86 12.28 52.9 2:1 03/31/86
52.9 2:1

1 2 19.5-43.5 61.7 0.42 0.08 04/03/86 NOT REQ.

2 1 43.5-65.9 70.2 1.53 0.31 04/15/86 0.68 70.3 3:1 04/15/86
70.3 3:1

LL006TI 4+41.25 94.00 27 1 1 1.3-15.7 46.0 0.13 0.03 04/24/86 NOT REQ.

1 2 15.7-38.2 54.6 0.44 0.09 05/01/86 NOT REQ.

LLOObSS 4+93.75 994.00 27 1 1 1.3-43.5 56.7 0.08 0.02 04/07/86 NOT REQ.

2 1 43.5-65.9 65.2 0.27 0.05 04/22/86 NOT REQ.

LLOOT2 4+%9.25 Q94.00 27 1 1 1.3-15.7 46.0 0.38 0.08 04/24/86 NOT REQ.

1 2 15.7-38.2 54.6 0.81 0.16 05/01/86 NOT REQ.

LL607PP 4+Q8.75 N4.00 27 1 1 1.3-17.0 51.5 8.30 2.30 03/2 7/8b 15.23 51.2 2:1 03/31/26
51.2 2:1

1 2 17.0-43.5 61.7 0.12 0.02 04/03/86 NOT REQ.

2 1 43.5-65.9 70.2 0.45 0.09 04/15/86 NOT REQ.

LOOTI 5+01.25 994.00 27 1 1 1.3-15.1 45.8 0.05 0.01 04/25/86 NOT REQ.

1 2 15.1-38.2 54.6 0.20 0.04 05/01/86 NOT REQ.

LIO07SS 5+03.75 994.00 27 1 1 1.3-43.5 56.7 0.03 0.01 04/07/86 NOT REQ.

2 1 43.5-65.9 65.2 0.52 0.10 04/22/86 NOT REQ.

LLOO?T2 9*06.25 195.00 27 1 1 1.3-16.A 46.2 0.21 0.04 04/25/86 NOT REQ.

1 2 16.3-39.3 55.0 0.27 0.05 05/01/86 NOT REQ.

LLO08PP 5+08.75 qW.O 27 11.319.9 52.6 4.31 2.33 03/27/86 0.15 52.8 ,1 O3/i86
52.8 2:1
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1 2 19.q-43.5 61.7 0.07 0.01 04/03/86 NOT REQ.

2 1 43.5-65.5 70.1 0.11 0.02 04/15/86 NOT REQ.

LLO08TI 5+11.25 9Q8.75 27 1 1 1.3-20.0 4737 0.37 0.07 04/25/86 NOT REQ.

1 2 20.0-43.5 56.7 0.49 0.10 05/01/86 NOT REQ.

LLO08SS 5+13.75 1000.50 27 1 1 1.3-51.1 59.6 0.30 0.06 04/07/86 NOT REQ.

2 1 51.1-73.5 68.2 1.37 0.27 04/22/86 74.0 4:1 04/22/86
74.0 4:1

LL008T2 5+16.25 1002.50 27 1 I 1.3-21.8 48.3 0.34 0.07 04/25/86 0.34 40 3:1 04/25/86
40 3:1

1 2 21.8-47.7 58.3 0.12 0.02 05/01/86 NOT REQ.

LLO09PP 5+18.75 1003.50 27 1 1 1.3-54.4 65.8 1.04 0.21 03/27/86 3.65 65.6 2:1 03/31/86
65.7 4:1

2 1 54.4-76.9 74.5 0.06 0.01 04/15/86 NOT REQ.

LLO09T1 5+21.25 1003.50 27 1 1 1.3-26.0 50.0 2.15 0.43 04/25/86 0.70 04/25/86

1 2 26.0-48.8 58.7 0.30 0.06 05/01/86 NOT REQ.

LL00SS 5t23.75 1003.50 27 1 1 1.3-54.4 60.8 0.21 0.04 04/07/86 NOT RE4.

2 1 54.4-76.9 69.5 0.30 0.06 04/22/86 NOT REQ.

LL042 5+26-25 1003.50 27 1 1 1.3-27.2 50.4 0.03 0.01 04/25/86 NOT REQ.

1 2 27.2-48.8 58.7 0.06 0,01 05/01/86 NOT REQ.

LL010PP 5+28.75 1004.00 27 1 1 1.3-55.0 65.8 1.05 0.21 03/27/86 0.22 65.7 3:1 03/15/86
65.7 3:1

2 1 55.0-77.4 74.7 0.12 0.02 04115/86 NOT REQ,

LLO10I 5+31.25 1004.00 27 1 1 1.3-27.5 50.5 0.03 0.01 04/25/86 NOT REQ.

1 2 27.5-49.4 58.9 0.10 0.02 05/01/86 NOT REQ.

LLOIOSS 5+53.75 1004.00 27 1 1 1.3-55.0 61.1 0.35 0.07 04/07/86 NOT REQ.

1 1 55.0-77.4 69.7 0.28 0.06 04/22/86 NuT REQ.

LLOOT2 5#36.25 1004 00 27 1 1 1.3-27.1 50.4 0.53 0.11 04/25/86 NOi REQ.
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2 27.1-55.0 61.1 0.72 0.14 05/01/86 0.28 05/02/86

LLOIIPP 5+38.75 1004.00 27 1 1 1.3-55.0 66.1 9.47 1.90 03/27/86 17.30 66.3 1:1 03/27/86
66.9 3:1

2 1 55.0-77.4 74.6 2.25 0.45 04/15/86 1.00 74.9 3:1 04/15/86

74.9 3:1

LLOIIQI 5+40 1004.00 27 1 1 1.3-55.0 61.1 0.95 0.19 05/07/86 NOT REQ.

LLOIIJI 5+41.25 1004.00 27 1 1 1.3-25.6 49.8 0.80 0.lb 04/25/86 NOT REQ.

1 2 26.9-55.0 61.1 2.54 0.51 05/01/86 4.35 05/02/86

LLOIIQ2 5+42.50 1004.00 27 1 1 1.3-55.0 61.1 0.82 0.16 05/07/86 NOT REQ.

LLOIISS 5+43.75 1004.00 21 1 1 1.3-55.0 61.1 3.94 0.79 04/07/86 8.44 61.0 2:1 04/07/86
61.1 3:1

2 1 55.0-77.4 69.7 0.30 0.06 04/22/86 NOT REQ.

LLOIIT2 5+46.25 1004.00 27 1 1 1.3-26.1 50.0 0.23 0.05 04/25/86 NOT REQ.

1 2 27.4-58.0 62.2 1.81 0.36 05/01/86 0.90 05/02/86

LLOI2PP 5+48.75 1004.00 27 1 1 1.3-21.2 28.6 9.45 1.89 02/27/86 6.98 53.5 2:1 02/28/86
53.5 2:1

1 2 26.8-34.3 38.1 9.05 1.81 03/05/86 21.88 28.7 1:1 03/05/86
59.0 2:1

1 3 34.3-55.0 66.5 2.93 0.59 03/07/86 3.71 66.4 2:1 03/07/86
66.4 2:1

2 1 55.0-77.4 75.1 0.63 0.15 03/19/86 NOT REG.

LLOI2SS 5+53.75 1004.25 27 1 1 1.3-34.1 53.1 1.68 0.34 03/12/86 1.20 4:1 5 0.01 03/12/86
53.8 4:1

1 2 34.1-55.3 61.2 1.87 0.37 03/14/86 1.09 61.1 3:1 03/14/86
61.1 3:1

2 1 55.3-77.7 69.8 0.32 0.06 03/25/86 NOT REQ.

LLQI3PP 5+58.75 1004.25 27 1 1 1.3-26.2 32.4 9.55 1.91 02/27/86 1.74 55.5 2:1 02/28/86
55.5 2:1

I 2 26.2-33.1 39.7 9.00 1.80 03/05/86 14.01 58.0 2:1 03/05/8b
58.0 2:1

1 3 33.1-40.1 60.8 2.85 0.57 03/07/86 0.55 61.1 2:1 03/07/86
61.1 2:1

1 4 40.1-55.3 66.2 1.41 0.28 03/10/86 0.95 66.1 3:1 03/10/86

66.1 3:1
2 1 55.3-76.0 74.5 0,40 0.08 03/19/86 NOT REU.

LL013Q1 560 1004.20 27 1 1.3-55.0 61.1 1.88 0.37 05/07/86 0.92 69.9 0.07 0507/86
69.9 2:1
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LLOI3TI 5461.25 1004.25 27 1 1 1.3-28.2 50.8 5.99 1.20 04/25/86 7.30 04/25/86

1 2 28.2-40.0 55.3 1.31 0.26 05/02/86 6.05 59.6 3:1 05/02/86
59.6 3:1

1 3 40.0-55.0 61.1 0.50 0.10 05/05/86 NOT REQ.

LLO13Q2 5+62.25 1004.20 27 1 1 1.3-55.0 61.1 3.87 0.77 05/07/86 2.33 69.9 2:1 05/07/86

69.9 2:1

tLOI3SS 5+63.75 1004.25 27 1 1 1.3-36.4 53.9 1.32 0.26 03/12/86 1.18 53.8 4:1 03/12/86

53.8 4:11 2 36.4-54.6 60.9 6.98 1.40 03/14/86 5.36 60.7 2:1 0/14/86
61.1 3:1

2 1 54.6-74.4 68.5 0.51 0.10 03/25/86 NOT REQ.

LLO13T2 5+66.25 1004.50 27 1 1 1.3-29.4 51.3 0.11 0.02 04/25/86 NOT REQ.

1 2 29.4-39.1 55.0 1.95 0.39 05/02/86 59.6 3:1 05/02/86

59.6 3:1
1 3 39.1-54.8 61.0 0.67 0.13 05/05/86 NOT REQ.

LLOI4PP 5+68.75 1006.50 27 1 1 1.3-54.9 66.5 5.55 1.11 02/27/86 69.68 66.8 1:1 02/28/86

67.2 2:1
2 1 54.9-74.6 74.0 0.59 0.12 03/19/86 NOT REQ.

6CO04 5+70 1007.50 0 0 0 0.0-77.1 0.00 0.00 0.00 05/15/86 4.00 74.4 3:1 05/16/86

74.4 3:1

LL014TI 5t71.25 1008.25 27 1 1 1.3-27.6 45.6 0.49 0.10 04/25/86 NOT REQ.

1 2 27.6-55.8 61.4 0.24 0.05 05/02/86 05/02/86

LL01455 5+73 75 1010.00 27 1 1 1.3-56.6 56.7 9.50 1.90 03/12/86 11.26 56.3 1:1 03/12/86

56.3 1:12 1 56.6-76.3 0.00 0.00 0.00 03/25/86 0.10 64.0 1:1 03/25/86
64.0 1:1

LLO14T2 5+76.25 1011.75 27 1 1 1.3-57.6 57.1 1.37 0.27 04/30/86 2.23 65.0 4:1 04/30/86

65.0 4:1

LLOISPP 5+78.75 1013.75 27 1 1 1.3-58.5 62.8 3.35 0.67 02/27/86 5.60 62.8 2:1 02/28/86

62.8 2:1
2 1 58.5-78.3 70.4 5.50 ,1.10 03/19/86 14.00 70.6 2:, 03/19/86

70.6 2:1

LO0OIPP 5+81 1015.00 15 1 1 1.3-31.0 0.00 0.00 0.00 NOT REQ.

L002PP 5+81 1015.00 10 1 1 1.3-30.5 42.9 0.25 0.05 04(08/86 NOT REQ.
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VVOI3PP 5f81 1014.00 0 1 1 1.3-34.0 49.6 0.18 0.04 03/25/86 NOT REN.

LLOISTI 5+81.25 1014.00 27 1 1 1.3-57.6 57.1 0.55 0.11 04/30/86 NOT REQ.

LLOISSS 5+83.75 1014.00 27 1 1 1.3-56.6 56.7 0.17 0.03 03/12/86 0.19 56.3 1:1 03/12/86
56.3 1:1

2 1 56.6-77.3 0.00 0.00 0.00 03t25/86 1.00 64.6 Li 03/25/86

64.6 1:1

LLOIST2 5+86.25 1014.00 27 1 1 1.3-56.1 56.5 1.94 0.39 04/30/86 62.5 3:1 04/30/86
62.5 3:1

LLOI6PP 5+88.75 1014.50 27 1 1 1.3-55.6 59.7 8.95 1.79 02/27/86 8.15 61.6 0.31 02/28/86
62.2 2:1

2 1 55.6-75.1 69.2 2.67 0.53 03/19/86 10.50 69.2 1:1 03/19/86
69.8 3:1

LLOI6QI 5+90 1015.50 27 1 1 1.3-56.0 56.4 0.31 0.06 05/05/86 NOT REQ.

LLOI6TI 5+91.25 1016.50 27 1 1 1.3-56.7 56.7 8.28 1.65 04/30/86 10.72 62.7 2:1 04/30/86
65.3 3:1

LLOI6Q2 5+92.50 1017.50 27 1 1 1.3-57.2 56.9 0.05 0.01 05/05/86 NOT REQ.

LLOISS 5+93.75 1018.50 27 1 1 1.3-57.7 57.1 9.94 2.02 03/12/86 27.83 57.0 1:1 03/12/86
57.4 2:1

2 1 57.7-77.2 64.6 0.23 0.05 03/25/86 NOT REQ.

LLOIbT2 5.96.25 1020.25 27 1 1 1.3-58.6 57.4 3.33 0.67 04/30/86 0.23 63.7 3:1 04/30/86
63.7 3:1

LLOI7PP 5+98.75 1022.25 27 1 1 1.3-56.1 42.9 9.20 1.84 02/27/86 14.08 57.5 2:1 02/28/86
57.5 2:1

1 2 56.1-59.5 58.18 0.14 0.03 03/05/86 NOT REQ.

2 1 59.5-78.0 65.3 0.64 0.13 03/19/86 NOT REQ.

LLOI7TI 6t01.25 1024.00 27 1 1 1.3-59.0 52.6 0.05 0.01 04/30/86 NOT REQ.

LLOI7SS 6+03.75 1024.00 27 1 1 1.3-58.5 52.4 0.57 0.11 03/12/86 NOT REQ.

2 1 58.5-76.5 59.3 0.37 0.07 03/25/86 NOT REQ.

LLOI7T2 6+06.25 1024.50 27 1 1 1.3-58.1 52.3 0.65 0.13 04/30/86 NOT REQ.

LLOI8PP 6+08.75 1026.25 27 1 1 1.3-57.7 42.5 9.15 1.83 02/27/86 10.92 57.4 2:1 03/03/80
57.4 2:1

2 1 57.7-75.8 64.5 0.06 0.01 03/19/86 NOT REQ.
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LLOI8TI +11.25 1028.25 27 1 1 1.3-57.7 52.1 0.50 0.10 04/30/86 NUT REQ.

LLOI8SS b+13.75  1029.75 27 1 1 1.3-57.6 52.1 5.75 1.15 03/12/86 18.41 52.2 2:1 03/12/86
52.7 4:1

2 1 57.6-75.9 59.1 6.14 1.23 03/25/86 3.97 59.2 1:1 03/25/86
59.6 2:1

LLOI8T2 b+16.25 1031.75 27 1 1 1.3-58.0 52.2 0.76 0.15 04/30/86 NOT REQ.

GCO05 o+17 1032.50 0 0 0 0.0-87.8 0.00 0.00 0.00 05/15/86 13.60 71.6 1:1 05/16/86
82.3 3:1

LLOI9PP b+18.75 1033.75 27 1 1 1.3-58.3 52.7 7.40 1.48 02/27/86 8.13 52.7 2:1 03/03/86
52.7 2:1

2 1 58.3-76.4 59.7 0.27 0.05 03/19/86 NOT REQ.

VV0I4PP 6+21 1034.00 0 1 1 1.3-39.0 41.8 0.31 0.06 03/25/86 NOT REQ.

LLO9TI b+21.25 1033.75 27 1 1 1.3-56.6 46.7 0.94 0.19 04/30/86 0.73 57.7 3:1 04/30/86
57.7 3:1

LDOO3PP 6+22.25 1035.00 10 1 1 1.3-35.5 40.0 1.41 0.28 04/17/86 0.80 39.9 4:1 04/17/86
39.9 4:1

LLOI9SS 6#23.75 1033.)5 27 1 1 1.3-54.9 46.0 1.19 0.24 03/12/86 1.89 46.0 4:1 03/12/86
46.0 4:1

2 1 54.9-73.0 53.0 0.22 0.04 03/25/86 NOT REQ.

LLOIT2 b+26.25 1034.00 27 1 1 1.3-53.6 45.5 0.28 0.06 04/30/86 NOT REQ.

LLO2OPP 6+28.75 1034.00 27 1 1 1.3-46.1 36.1 9.25 1.85 02/27/86 26.38 48.6 1:1 02/28/86
48.6 1:1

1 2 47.4-52.8 50.61 0.31 0.06 03/05/86 NOT REQ.

2 1 52.8-70.4 57.4 0.29 0.06 03/19/86 NOT REQ.

LL020TI 6+31.25 1034.00 27 1 1 1.3-50.9 44.5 0.54 0.11 04/30/86 NOT REQ.

LL020SS 6+33.75 1034.00 27 1 1 1.3-49.4 43.9 1.16 0.23 03/12/86 0.84 43.9 4:1 03/12/86
43.9 4:1

2 1 49.4-67.5 50.9 1.20 0.24 03/25/86 3.54 51.0 2:1 03/25/86
51.6 4:1

LL020T2 6+36.25 1035.25 27 1 1 1.3-49.4 43.9 0.91 0.18 04/30/86 NOT REQ.

LL021PP 6+38.75 1037.50 27 1 1 1.3-49.4 35.4 9.15 1.83 02/27/86 38.54 49.7 1:1 03/03/86
49.8 2:1
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2 1 49.4-67.8 56.4 5.55 1.11 03/19/86 27.60 56.5 1:1 03/20/8b

56.8 2:1

LL021SS 6+43.75 1039.00 27 1 1 1.3-47.8 38.3 1.15 0.23 04/11/86 2.00 38.4 3:1 04/14/86

38.7 4:1
2 1 47.8-67.6 45.9 0.91 0.18 04/23/86 NOT REQ.

LL022PP 6+48.75 1041.75 27 1 1 1.3-48.5 43.6 2.26 0.45 04102/86 4.60 43.8 3:1 04/02/86

43.8 3:1
2 1 48.5-68.5 46.2 7.5 1.50 04/17/86 0.31 53.9 1:1 04/17/86

53.9 1:1

LL02255 6+53.75 1045.00 27 1 1 1.3-50.1 39.2 0.10 0.02 04/11/86 NOT REQ.

2 1 50.1-70.1 46.9 0.72 0.14 04/23/86 NOT REQ.

LL022T12 +56.25 1046.75 27 1 1 1.3-27.8 30.6 0.25 0.05 04/30/86 NOT REQ.

LL023PP t+58.75 1048.50 27 1 1 1.3-15.4 16.9 6.45 1.29 04/02/86 53.75 25.9 1:1 04/02/86

26.4 2:1
1 2 15.9-52.1 40.0 4.87 0.97 04/07/86 7.56 40.3 2:1 04/08/86

40.5 3:1
1 52.1-72.2 42.7 2.12 0.42 04/17/86 31.42 49.2 1:1 04/17/86

49.2 2:1

yVOISPP 0+61 048.75 0 1 1 1.3-26.8 26.5 0.04 0.01 04/23/86 NOT REQ.

LL025T1 ,b1.25 1048.80 27 1 1 1.3-71.5 42.4 1.50 0.30 04/30/86 0.88 50.0 3:1 04/30/86

50.0 ":1

LL02335 bf 7.:5 1048.15 27 1 1 1.3-50.8 34.5 0.85 0.17 04/11/86 NuT REW.

2 1 50.8-70.9 42.2 5.58 1.12 04/23/86 15.00 49.7 2:1 04/2 /36
53.5 3:1

L023T2 1 +7 o 25 1048.75 27 1 1 1.3-70.0 41.8 4.88 0.98 04/30/86 1.86 49.3 3:1 04/30/86

49.3 3:1

L024PP 6+68.75 1049.00 27 1 1 1.3-49.4 38.9 2.67 0.53 04/02/86 8.05 38.8 2:1 04/02/86

39.2 .:1

2 1 49.4-69.4 41.6 10.06 2.01 04/17/86 '2.00 54.5 1:1 04iJ/1%

54.5 2:1

LL024S5 b+77.75 1049.00 27 1 1 1.3-47.8 33.3 1.53 0.30 04/11/86 0.90 33.4 3:1 04,!14/8t

33.4 3:1

2 1 47.8-67.8 41.0 0.25 0.05 04/23/86 NUT REQ.

LI025PP t+7S.75 1052.00 27 1 1 1.3-49.0 38.8 5.50 1.10 04/02/86 7.20 34.0 3:1 04 02,'86
34.0 3:1

2 1 49.0-69.0 41.4 1.06 0,21 04/17/86 17.30 41.4 1:1 041F/86

54.3 41
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LL02ST1 6+81.25 1053.25 27 1 1 1.3-49.9 34.1 3.31 0.66 04/30/86 0.31 14.1 ::1 04/30/8
39.5 >:

LL025SS 6+41.75 1055.50 27 1 1 1.3-50.8 34.5 6.20 1.24 04/11/86 7.00 34.6 1:1 04/14/8b
34.6 1:1

2 1 50. 8-69.Q 41.8 0.46 0.09 04/23/86 NOT REQ.

LL025T2 0+86.25 1057.25 27 1 1 1.3-51.3 34.7 1.10 0.22 04/30/86 0.98 40.1 3:1 04/30/86
40. 3:1

LL026PP 6f88.75 1059.00 27 1 1 1.3-51.8 35.9 1.34 0.27 04/02/86 0.33 35.4 3:1 04/02/86
35.4 3:1

2 1 51.8-70.9 42.2 9.1 1.82 04/17/86 31.18 48.5 1:1 04/17/86
55.4 2:1

LL026SS 6+93.75 1060.00 27 1 1 1.3-50.5 34.3 2.73 0.55 04/11/86 4.65 34.4 2:1 04/11/86
34.7 3:1

2 1 50.5-69.4 41.6 1.60 0.32 04/23/86 0.80 48.9 3:1 04/23/86
48.9 3:1

LL026T2 b+,b.25 1061.75 27 1 1 1.3-26.8 25.3 0.45 0.09 04/30/86 NOT REQ.

LL027PP 6+98.75 1063.50 27 1 1 1.3-51.4 32.7 6.27 1.25 04/02/86 5.21 35.2 3:1 04102186
35.2 3:1

2 1 51.4-61.0 33.4 8.65 1.73 04/17/86 9.28 49.2 1:1 04/17/86
49.2 1:1

2 2 51.4-70.5 42.0 0.73 0.15 04/21/86 NOT REQ.

VVOIPP 7+01 1063.50 0 1 1 1.3-28.5 22.3 0.20 0.04 04/23/86 NOT REQ.

LL027SS 7+03.75 1063.50 27 1 1 1.3-49.0 28.8 0.90 0.18 04/11/86 NOT REV.

2 1 49.0-68.1 36.1 0.79 0.16 04/23/86 NOT REQ.

LL028PP 7*08.75 1063.50 27 1 1 1.3-46.6 32.9 5.35 1.07 04/02/86 10.53 32.8 3:1 04/02/86
32.8 3:1

2 1 46.6-59.0 32.6 10.18 2.03 04/17/86 33.58 47.9 1:1 04/8186
47.9 1:1

2 2 59.0-65.5 40.1 0.35 0.07 04/21/86 NOT REQ.

LL028SS 7+13.75 1063.50 27 1 1 1.3-44.3 27.0 1.52 0.30 04/11/86 0.37 27.1 2:1 04/14/8
27.1 2:1

2 1 44.3-63.3 34.3 2.22 0.44 04/23/86 1.14 44.4 2:1 04/23/86
44.4 3:1

LL029PP 7*18.75 1064.00 27 1 1 1.3-42.3 31.2 0.39 0.08 04/02/86 NOT REQ.

2 1 42.3-61.3 33.5 9.47 1.89 04/17/86 118.41 43.3 1:1 04/16/8b
43.3 *

LL029SS 7+23.75 1064.00 27 1 1 1.3-40.0 25.3 0.90 0.18 04/11/86 NOT REQ.
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2 1 40.0-60.4 33.1 0.33 0.07 04/23/86 NOT REQ.

LLO3OPP 7+28.75 1064.00 27 1 1 1.3-38.2 29.6 [.73 0.35 04/02/86 1.78 29,7 ;:1 04/02/86

29.7 3:1
2 1 38.2-60.1 33.0 5 43 1.09 04/17/86 18.47 48.5 1:1 04/18/86

48.5 1:1

LFOOISS 7+32.56 1065.00 34.31 1 1 2.4-39.8 24.8 5.85 1.17 04/08/86 5.18 25.0 2:1 04/08/86
25.0 3:1

2 1 39.8-61.2 31.7 0.50 0.10 04/22/86 NOT REQ.

LFOOIPP 7+32.73 1064.00 30.61 1 1 1.3-14.0 42.9 4.82 0.96 34/08/86 10.30 13.3 1:1 03/17/86

13.6 3:1
1 2 14.0-37.2 23.7 0.20 0.04 03/26/86 NOT REQ.

2 1 37.2-58.8 32.9 10.90 2.18 04/17/86 22.18 39.5 1:1 04/18/86

42.4 2:1

LFOO2PP 7+32.89 1065.00 38.28 1 1 2.4-13.3 12.5 4.04 0.81 03/13/86 0.40 12.3 2:1 031/17/86

12.3 2:1
1 2 13.3-38.8 23.1 0.87 0.17 03/26/86 NOT REQ.

2 1 38.8-60.1 30.3 0.24 0.05 04/17/86 NOT REQ.

LFO02SS 7+33.27 1065.00 42.45 1 1 2.4-38.8 22.8 2.40 1.20 04/08/86 0.72 23.3 3:1 04/08/86

23.3 3:1
1 38.8-60.1 29.1 1.28 0.26 04/22/86 0.?2 NO RECOR

LFOO3PP 7+33.70 105.00 46.78 1 1 1.3-25.0 23.5 3.05 0.bl 03/18/86 0.55 12.7 2:1 33/1L96

12.7 2:1
1 2 16.1-38.8 21.4 0.15 0.03 03/26/86 NOT REQ.

2 I 38.8-60.1 2U. 0.51 0.10 94/17/8t NOT REQ.

LLO30SS 1+33.:5 1064.00 27 1 1 1.3-37.6 24.4 0.65 0 13 04/11/86 NOT REQ.

2 1 P7 6-58,b 32.4 3 ' 0.0' 04/1/86 NOT REQ.

LFO03SS 7+34.22 1065.00 51.25 1 1 2.-38 8 20 3 )9 0 18 04/08/86 0.A0 20.7 3:i 04/08/8a
20.7 3:1

2 1 38 8-60 I 2? 1) o 0.02 04/22/86 NOT REQ.

LFOO4PP 7'35 1064.90 55.84 1 1 1.3-14.8 11.b O007 0.01 03/13/86 NOT REQ.

1 2 14.8-39.4 19.5 5.25 1.05 03/2b/86 9.85 Iq.2 2:1 03/27/8b

1Q.5 3:1

2 1 39.4-60.6 24.6 0.02 0.00 04/17/86 NOT REQ.

LFO04SS 7+35 1065.39 60.53 1 1 1.3-38.3 18.2 2.52 1.26 04/08/86 0.71 18.b 3:1 04/08/86

18.6 3:1
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2 I 39.4-60.6 22.8 2.93 0.59 04/22186 0.71 NO RECOR

LFOO5PP 7+35 106583 65.31 1 1 1.3-15.2 10.7 0.29 0.06 03/13/86 NOT REQ.

1 2 15.2-38.8 17.0 3.4 0.68 03/26/86 1.17 17.0 2:1 03/27/86
17.0 2:1

2 1 38.8-60.1 20.9 0.16 0.03 04/17/86 NOT REQ.

LFOOSSS 7+35 1066.24 70.16 1 1 1.3-39.4 15.8 0.18 0.04 04/08/86 0.09 15.4 3:1 04/08/86
15.4 3:1

2 1 38.3-59.6 18.7 0.08 0.02 04/22/86 NOT REQ.

LFO06PP 7+35 1066.63 75.07 1 1 1.3-15.3 9.7 0.72 0.14 03/13/86 NOT REQ.

1 2 15,3-38.0 14.2 2.18 0.44 03/26/86 1.66 14.0 2:1 03/27/86
14.0 2:1

2 1 38.0-59.4 16.6 0.77 0.15 04/17/86 NOT REQ.

LFO06SS 7+35 1066.99 80.02 1 1 1.3-38.3 12.9 2.88 0.58 04/08/86 2.98 12.7 3:1 04/09/86
12.7 3:1

2 1 38.3-59.1 14.4 0.37 0.07 04/22/86 NOT REQ.

LFOO7PP 7+35 1067.35 85.0 1 1 1.3-15.1 8.6 0.15 0.03 03/13/86 NOT REQ.

1 2 15.1-38.3 11.4 0.30 0.06 03/26/86 NOT REQ.

2 1 38.3-59.1 12.? 0.14 0.03 04/17/86 NOT REQ.

LFOO75S 7+35 1067.70 90.0 1 1 1.3-38.6 10.0 0.60 0.12 04/08/86 NOT REQ.

2 1 38.6-59.9 10.0 1.87 0.37 04/22/86 1.43 10.0 3:1 04/23/8b
10.0 3:1

LFOO8PP 7+35 1068.05 95.0 1 1 1.3-15.4 7.4 0.40 0.08 03/13/86 0.51 7.3 3:1 03/17/86
7.3 3:1

1 2 15.4-39.3 8.6 1.95 0.39 03/26/86 2.14 8.1 3:1 03/27/86
8.1 3:1

2 1 39.3-61.2 7.7 4.01 0.80 04/17/86 7.07 6.8 2:1 04/18/86

6.8 2:1

LFO08SS 7+35 1068.41 99.98 1 1 1.3-40.4 7.0 2.50 0.50 04/08/86 3.63 7.2 3:1 04/09/86
7.2 3:1

2 1 40.4-62.8 5.3 0.30- 0.05 04/22/86 NOT REQ.

LFOO9PP 7+35 1068.77 104.9 1 1 1.3-16.4 6.2 1.68 0.34 03/13/86 3.43 6.7 3:1 03/17/86
6.7 3:1

1 2 16.4-42.3 5.3 0.28 0.06 03/26/86 NOT REQ.

2 1 42.3-65.4 0.8 0.00 0.00 04/17/86 NOT REQ.
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LSOOIPP 7+40.9 1102.00 20 1 1 18.8-37.2 20.0 4.66 0.93 05/22/86 0.51 05/23/86

LSO01SS 7+43.3 1102.00 20 1 1 21.3-37.2 20.0 0.90 0.18 05/28/86 NOT REQ.

LSOO2PP 7+45.6 1102.10 20 1 1 21.4-37.3 20.1 0.61 0.12 05/22/86 NOT RE.

LSO02SS 7+48.0 1102.10 20 1 1 21.4-37.3 20.1 8.00 1.60 05/28/86 05/29/86

LSOO9SS 7+49.9 1102.00 15 1 1 18.6-27.9 16.6 0.00 0.00 05/28/86 NOT REQ.

LSOO3PP 7+50.3 1102.00 20 1 1 21.3-37.2 20.0 0.16 0.03 05/22/86 NOT REQ.

GCO08 7+51.5 1102.00 0 0 0 24.7-92.5 0.00 0.00 0.00 06/02/86 NOT REQ.

LSOSS 7+52.7 1101.90 20 1 1 21.2-37.1 20.0 0.00 0.00 05/28/86 NOT REQ.

LSOIOPP 7+53.4 1101.80 20 1 1 18.9-37.0 20.0 5.52 1.10 05/22/86 10.88 22.7 1:1 05/23/86
30.0 4:1

LSOO4PP 7+55.0 1101.80 20 1 1 21.1-37.0 20.0 6.02 1.20 05/22/86 23.27 30.0 1:1 05/23/86
30.0 1:1

LSOIOSS 7+55.8 11O1.70 20 1 1 19.9-49.7 25.1 0.66 0.13 05/28/86 NOT REQ.

LSO04SS 7+57.4 lOl.bO 20 1 1 20.8-36.7 19.8 0.00 0.00 05/28/86 NOT REQ.

LSOIIPP 7+58.3 1101.50 20 1 1 20.7-49.4 25.0 1.45 0.29 05/22/86 0.12 29.1 4:1 05/23/86
29.1 4:1

LSOO5PP 7+59.7 1101.30 20 1 1 20.5-36.4 19.7 0.00 0.00 05/22/86 NOT REQ.

LSOIISS 7+60.5 1101.00 20 1 1 20.2-48.9 24.7 0.60 0.12 05/28/86 1.07 38.0 1:1 05/29/86
38.0 1:1

LSOOSSS 7+62.1 1101.90 20 1 1 21.2-37.1 2.0 1.42 0.28 05/28/86 2.86 24.2 2:1 05/29/86

26.3 3:1

LSOO6PP 7+64.4 1100.90 20 1 1 20.1-36.0 19.5 6.07 1.21 05/22/86 13.08 25.6 1:1 05/23/86
25.6 2:1

LSO06SS 7+66.8 1100.80 20 1 1 20.0-35.9 19.5 0.47 0.09 05/28/86 NOr REQ.

LSOO7PP 7+69.1 1100.80 20 1 1 20.0-35.9 19.5 0.00 0.00 05/22/86 NOT REQ.
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LS0O7SS 471.5 1100.60 20 1 1 19.8-35.7 19.4 0.63 0.13 05/28/86 NOT REV.

LSOO8PP 7+73.8 1100.70 20 1 I 19.9-35.8 19.5 2.07 0.41 05/22/86 1.00 25.5 2:1 05/23/86

25.5 2:1
LSO8SS 7+76.2 1100.70 20 1 1 19.9-35.8 19.5 0.40 0.08 05/28/86 NOT RE.

LS009PP 7+78.5 1100.60 20 1 1 19.8-35.7 19.4 0.66 0.13 05/22/86 NOT REQ.
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DRILLING AND BLA-STING SLMMARY

P. RE SPpLIT

Fype Powder - Hercaspl1.t

Hole Diameter- - 3 [rich

Spacing -- 24 Inch -- Load each hole, space powder in hole

:-:. Inch - Load every other hole, space powder in hole

Caps -- Miladet

Stage I (09-27-83 to 05-1-94)

No.
Holes Range Avg. Powder

L0E#/sf - f3-/sf 0.ir,#/sf 2,615#

Stage 2 (12-6,-84 to 04-02-95)

5 O.LI#/sf - 0.2E*/sf 0.18#/sf 710#

TO TAL 2 3 0.Ox8#/sf - .3-)#/-f 0. 16#/sf 3,-325#

PRfODU-T IOQN

Type Powder -- Unigel

Hercamix

Hole Diameter - 3-1/2 Inches

Spacing - 7' X 7', 6 X e6, 7 X 8, , X 8
4-1/2' X 4-1/2' - To grade w/4-1/2' stemming

limestone sand
5 X 5

Burden - 5 Feet (stemming)

Caps - Miladet

Stemming - 5' - 6'

f L-21



SUMMARY

No -
Holes Rangie Avg. Powder

Stage .1 33 0313.#/cyc 1./#cy 3

Stage 2 25 L; - 30#/cy - L. -#/cy 0).:Oe9-#/c y 4, :-:::2 #

TO:TAL C)-SJ/~ .3/y1. . 5#/c y



MAIS OR OTHER PROTECTIVE DEVICES USED: YES_ NOY-_

SFILCIFIC BLAST LOCATION 2 /__1Qv, f

DISTANCE TO NEAREST DWELLING OR STRUCTURE X ...

TYPE OF MATERIAL BLASTED: SANDSTONE __ LIMESTONE___ SHALE v_ CLAY----- COAL--
/v

TOTAL NO. HOLES- -. _ DIAMETER --  " DEPTH/Z? -- BURDEN---- SPACING,7'---2--a

TYPE OF STEMM IN -- -DEPTH OF STEMMINGZ "__

TYPE OF EXPLOSIVES USED DELAY CAPS USED -

QUANTITY TYPE OF DELAY USED:

UNIGEL _ _ BS O-INSTANT I ELECTRIC MILADET

HERCAMIX I -MS-25 / NON-ELECTRIC

HERCASPLIT 2-MS-50 2- NO. OF SERIES: S.-

-'RIMACORD 3-MS-75 3 KIND OR MFG: HERCMLES

4-MS-IQ0 2 DETONATOR: _ 4l "-

TOTAL WGT. OF EXPLOSIVES_ ----2 5-MS-125 ,5 TIME SETTING:_

6-MS-150 il e  MAX. HOLES/DELAY:7-

7-MS-175 __. ___ MAX, LBS./DELAY:_-I--

8-MS-20O -___MAX. ALLOWABLE LBS./DELA"

9-MS-250 _ ____

I 0-MS-300 ___ __

I I-MS-350

7 ~ --~ 12-MS-4 00

S I G N A T U R E O F B L A S T E f 1 36M S -4 5 0
13-MS-A 50

14-MS-500

.. . .. . . .1 5-M S-600

ENSE NUMBER OF BLASTER
16-MS-700 18-MS-900 __ --

17-MS-BOO 19-MS-1000-

[,-4



SH, OT NO . SEDSr.OGRAPH OFERATOY):S NAME

V¢,' IT t' E - ---

VIBRATION MEASUREMENTS

COMPONENT M/ONITOR MAX. PARTICLE VELC

TRANSVERSE

VERTICAL

LONGITUDINAL - - " . -

AK SOUND PRESSURE LEVEL SCALED DISTANCE

1ARKS: --

ANALYZING FIRM ANALYSIS BY__

DIAGRAM OF SHOT

___ ,_ / 7t! /I3 /J

// -+.4 - V ---

13 ~ ~ I, c3l/O

I 63L/ 9/ 3 '' _ _

W1F5fr 13 5 7j __

/J ~ ~~~ =7-5- O



,t.,l S OR O] :iLF, IOTECTI\'E DEVICES USED: YES .N

,: IC ,LAST LOCATION

DISTANCE TO NEAREST DWELLING OR STRUCTUREZ 04:2c?

TYPE OF MATFRIAL BLASTED: SANDSTONE LIMESTONE- SHALE_ CLAY . COAL

I OTAL NO. HOC)L E S
5 AG

- - D IA
/

E T E R -
/-

- -- - M E . . .
-D

_ j L_/ 
. DEPTH OFSEMN 

-.... ---.

TYPE OF STEMMING 

D OF STEMMING-

TYPE OF EXPLOSIVES USED 
DELAY CAPS USED

QUANTITY TYPE OF DELAY USED:

'UNI GEL _, LBS 0-INSTANT _ ELECTRICPML 
-

HE RC AMJX .. .
_ NON-ELECTRIC-- -

HERCASPLI 
2-MS-50 ---- NO. OF SERIES:

VRIMACORD j/P? r. 3MS-5 7- 
KIND OR MFG: HERCULES

4-MS- 100 ------- DETONATOR:_145--

TOTAL WGT. OF EXPLOSIVES 

TIME SETTING:

6-MS-150 _ MAX. HOLES/DELAY:- L,

7-MS-17
5  MAX. LBS./DELAY: ;7

B-M5-20 
MAX. ALLOWABLE LBS./DELA

9-MS-25
0  -

I O-MS-300

I I-MS-35 0

- -------
12-MS-400 

______ ___

EAOATEOF BLAVER
1 3-MS-45

0  ---

14-MS-50
0

15-MS-60
0

{ ,'-6 t '!f',-'[.< O F I, A ST E R 

8 S- D

16-MS- . ... 8-MS-90

17-MS-800 --- 1 9-MS-0DD

[.-6



r

L) IS i,\A L O1 f SLiS:,Qi-,\O f J k< L . T i I DIRECTION: N . S E

SHOT NO. SLISMOGRAPH OPERATORS NAME - __'

W,,ITNESSES-

VIBRATION MEASUREMENTS -

COMPONENT MONITOR MAX. PARTICLE VELOCI-

TRANSVERSE

VERTICAL

LONGITUDINAL -_-"_"___ _ - -- " -

PEAK SOUND PRESSURE LEVEL SCALED DISTANCEFT

RErMARKS:

,,NALYZING FIRM ANALYSIS BY

DIAGRAM OF SHOT

ii
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A precision blasting technique that controls

overbreak, increases safety, and produces

economies in manpower and concreting

HERCULES

EXPLOSIVES & CHEMICAL PROPULSION DEPARTMENT

HERCULES INCORPORATED
WILMINGTON - DELAWARE 19899
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Besides greatly reducing the time and labor -

consumed in loading liercosplit blast holes, it PAPER TUBE
SEPARATORS

often is possible when using Hercosplit I or Herco- : i MAY BE CUT
split WR to widen the dril-I hole spacings appre- ,,IN SMALLER

1., LENGTHS THAN
ciably, which in turn lowers the overall drilling 8 IN. IF SO DESIRED
cost. FURTHER, MORE

THAN ONi
SEPARATOR

HERCOSPLIT 40 __MAY BE USED

AND HERCOSPLIT 40 WR

HERCOSPLIT 40
Hercosplit 40 and Hercosplitp 40 WR are high I OR 40WRI

explosives especially designed for ease of loading I G4 BY 8 IN.

in Hercosplitting, that are avaFUable in 11 by CARTRIDGE MR

8-in. cartridges equipped -Aith longitudinal paper

tunnels. These tunnels enable the cartridges to be I

slid down the detonating fuse downlines (after the

detonating fuse is lowered into the holes) in drill

holes that are to be HerCOSplit.
PAPER TUBE
SEPARATOR

H P PAPER TUBES

LONGITU DINALLY
I POSITIONED IN

EACH CARTRIDGE
t Normal method of

using either Hercosplit
40 or Hercosplit 40 WR

eelllo



G d. e- C I C F C

V,. , C " ,r 1't ber

Hercosplit 40, Ammonia Not recommended 1 108 0.463
1 1,, x 8 in., Dynamite for use under water
equipped with
tunnels

Hercosplit 40 WR, Ammonia Detonates com- 1 94 0.532
1 ',a x 8 in., Gelatin pletely after
equipped with 18 hours under
tunnels 50 feet of water

5Sbect to a ,oroion of plus or mus 3% from Ire no;nol rortrdge -oun1

Extra 8-in.-long paper tunnels may be purchased separately to act as convenient sep-

arators (which may be cut into increments or used in whatever multiples are desired)

between the individual cartridges placed in the drill holes. These tunnels are slid down

on the detonating fuse downlines in the same manner as the cartridges. Loading speed is

greatly enhanced by the use of these tunneled Hercosplitting explosives.

KARVITE"*

Although originally developed for perimeter, or "smooth," blasting in underground

mining or construction projects, Karvite also finds application for Hercosplitting in for-

mations where the rock is somewhat friable and weathered.

For ,nformotlon .. ncer.,ng the u.e of KorvIle for perimeter (or "smooth") blasting underground, please refer to
the Hercules ixplosives lechnisol Data Skeet entitled "'Karvite blosting."

PROPERTIES OF KARVITE

Nominal Nominal

Waler Fume Number of Weight Per
R..;Iance Cl.s, Cortrdges Per Cortridge

50-tb. Case' I. Poua ds

Karvite, High-Ammonium- Not recommended 1 175 0.286
1, x 24 in. Nitrate-Content for use under water

Dynamite

"Sublet to . ,ar6ot;on of plys or mrus 3% from the nom,noi carlridge counl.

When used for Hercosplitting, the Karxite should be initiated with detonating fuse

in the same manner as Hercosplit I and Hercosplit WR.

.-I 2
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YlM',A L Ou ,o D : P'''':M : ;;,, '; :IRX PRIMALINE CORE G -,.rS D AP0E-TLR 1'SILE EE T

RXPIAIEPER FT. I NCHES S1RE1 GTH 2 100311t SPOOLS

PETN 15 .145 ± .005 275 lbs. 18 lbs.

NOMINAL OUTSIDE MIIMUM SHIPPING wEIGHT

______DEACORD CORE GRAINS DIAMETER TNSLE 1000 FT 2000 FT
PER FT INCHES STRENGTH PULL OUT 2-1000111

BOX SPOOLS

PETN 18 .150 ± .005 150 lbs. 8112 lbs. 17 lbs.

NOMINAL OUTSIDE MINIMUM SHIPPING WEIGHT
ES COAD CORE GRAINS DIAMETER TENSILE 1000 FT. 2000 FT.PER FT INCHES STRENGTH PULLOUT 21000ft

BOX SPOOLS

PETN 2 5 .157 _ .005 31 0 bs. 0 . 22 lbs.

NOMINAL OUTSIDE MINIMUM SHIPPING WEIGHT

STRIP MINE SPECIAL CORE GRAINS DIAMETER TENSILE 2.000 FEET
PER FT INCHES STRENGTH 2-1000 ft SPOOLS

PETN 140 .190 -: .005 300 lbs. 27 lbs.

NOMINAL OUTSIDE MINIMUM SHIPPING WEIGHTREINFORCED PRIMACORD CORE GRAINS DIAMETER TENSILE
PER FT. INCHES STRENGTH 2.000 FEET.- ,2-100011t. SPOOLS

PETN 50 .200 t .008 200 lbs. 33 lbs.

Sales Offices
207 Pine Cieek Road 5011 Washinclon Avenue 2616 Old Wesley Chapel Rd. Post Olfice Box 97 660 Hopmeadow Street
Vvcxord Pennsylvania 15090 Evansville. Indiana 47715 Decatur. GA 30034 Louviers, Colorado 80131 Simsbury. Connecticut 06070
14,2) 935 5712 (812) 476-1329 (404) 288-8497 (303) 798-8625 (203) 658-4411

0- 3nsign- ickford p7uz [ag]
BLASTING PRODUCTS DIVISION

660 Hopmeadow St. Simsbury, Conn. 06070

L-13
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detonating either blasting, arents or dtcscnsIt!,-.J c\ s\tSin C r~civ : c 2:2

electric blasting caps, or norelectric delay dex ices. Sucvcsted application Is as follows:

It Is T tat 700
Pr:.Ter- Be Ue pij hol W.nn

Bari ,Ve Diarutet Recornmendid Type the Nviiei Column,, E stie
in. fim of Titan Booster Recommended hiltogycerin-Type Primers Ft Ivn;e:ra

2-21h 57-64 Titan Booster 1150A Gelatin Extra 60%. 1 1 x 8 in.. or 10 It (3 05 mn)
Gelaprime'l. 1 i x 8 in. (38 x 203 mm)

2 ,3 64-76 Titan Booster 225A Gelatin Extra 60',. 2 x 8 in . or 15 It 14 6 mn)
Getaprime. 2 x 8 in (51 x 203 mm)

3-31h 76-89 Titan Booster 35OA Gelatin Extra 60%. 211 x 16 in. (64 x 406 MM) Or 20 t (6. 1 11)
Getapine, 2 x 8 in. (51 x 203 mm)

31b- 89-152 Titan Booster 500A Titan G Booster Gelatin Extra 60%. 3 x 24 in. 25 It (7.6 m1)
Titan Boositr SOOMA (76 x 610 mm) or Getapnimp 2 x 8 in (51 x 203 mm)

6 in. (152 mmin) Titan Booster 2500A Titan G Booster. Gelatin Extra 60%. 5Sin. x 162/3 to, or 25 It (7.6 m11
and up 'Gelaprimfe, 5 in. x 162/3 tbs (127 mrm x 7.6 kg)

(a)Whefl two boost ers are necessary, place one near the bottom and on, near the top of the main charge in the borehole. Additional boosters may
be required if inhe biaster feels tnat separations or biockages may occur as the borehole is being ioaded. it as imperative that each booster be
threaded on the detonating cord dowrline or be individually pnmed wih a detonator.

Packaging
Hercomix I blasting agent is furnished in 50-lb (22.7-kg) net polyethylene-lined, rnultiwall paper bags.

Transportation, Storage, and Handling
This blasting agent is not initiation-sensitive to No,. 8 blasting caps or rifle bullets, and thus need not
be stored in bullet-resistant magazines unless so required by relevant laws or regulations. Storage
magazines should be located to conifor-m to the American Table of Distances and the Table of
Separation Distances of Ammonium Nitrate and Blasting Agents From Explosives or Blasting
Agents.

Hercomix is classified by the U.S. Department of Transportation as Blasting Agent. and must be
transported, stored, handled, and used in conformityw wth all appliIcable Federal, state, and local laws
and regulations. The proper shipping description and hazard classification for Hercomix I as
described in this bulletin is:

Ammonium Nitrate,/ Fuel Oil Mixture- Blasting Agent

This product should be kept dry, and stock should be rotated so that the oldest material is used
first. Use only proper primers, and never load in wet holes or where there is not adequate
confinement. If these restrictions are observed, the formation of toxic fumes will be- minimized. This
product, as manufactured, conforms to the Institute of Makers of Explosives Fume Class I rating.

For additional recommended good practices in transporting. storing, handling, and using this
product, consult the Safety Library Publications of the Institute of Makers of ExplosiveCs.

Hercules IncorporatedHERCULES 910 Market Street
Wilmington. DE 19899

Atlanta Chicago Denver San Francisco. CA 94111 Wtimirigton DE Igo"9
Norcrogss GA 30071 Oak Brook. IL 60521 Englewood. CO 80111 One Maritime plaza 330 Oelawate Avenue
3169 Holcomb Bridge Road 814 Commerce Drive 5680 S Syracuse Circle Golden Gatiwey Center 6th Fioor
Suite 700 Suiie 302 Suite 4 14 Suits 1250 (302) 575-57DO
(441M 447-9120 1312) 687-3000 (303) 779-1717 (415) 9B&-2535

L- 14



__iechical Informatio
BULLETiN TD-203C
(Supersedes TD-203B)

HERCOMIX® 1 Blasting Agent

Description
HERCOINIX® 1 is a premixed, prilled ammonium nitrate/fuel oil-type, 65% weight-strength
bHasting agent0l) suitable for use under dry borehole conditions. It can be used for quarry,
open-pit and construction, or underground blasting operations, and can be either blown into the
borehole by pneumatic loading devices or poured.

This highly economical blasting agent has an average poured density of about 0.80 g/cm 3 ,
or 50 lbs/ft3 . When holes are loaded pneumatically, average density is about 0.95 g/cm 3, or 60 lbs/ft3 .

Hercomix I blasting agent, as packed and when used under dry borehole conditions, will
produce Class I fumes.

1
)Blasting agent Any material or mixture consisting of a fuel and oxidizer. intended for blasting, not otherwise classified as an explosive,
provOed tMat the finished product- as mixed for use or shipment cannot be detonated by means of a No. 8 test blasting cap when unconfined.

Typical Characteristics

Measured energy, ft-lbs/Ib X 106 ............................................. 1.10
Measured energy, ft-lbs/ft3 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54

APPROXIMATE LOADING DENSITY, AND RATE OF DETONATION

Approximate Weight per Foot Approximate Detonation
Borehole Diameter, of Borehole When Poured, Velocity (confined),

in. mm lbs kg fps mps

2 51 1.1 0.50 10,700 3,261
3 76 2.4 1.09 10,900 3,322
4 102 4.4. 2.00 11,800 3.597
5 127 6.8 3.08 12,400 3,780
6 152 9.8 4.44 12,800 3,901
7 179 13.3 6.02 13,100 3,993
8 203 17.4 7.88 13,300 4,054
9 229 22.0 9.97 13,400 4,084

10 254 27.2 12.32 13,500 4,115
11 279 32.9 14.90 13,600 4,145
12 305 39.2 17.76 13,650 4,160

1 13 330 46.0 20.80 13,700 4,176
14 356 53.3 24.14 13,700 4.176
15 381 61.2 27.72 13,750 4,191
16 406 69.6 31.53 13,750 4,191
17 432 78.6 36.61 13,750 4,191
18 457 88.1 39.91 13,750 4,191

,(over)
vIve cannot anticipate all conditions under which this information and our products, or the products of other manufacturers
in comb,nation with our products. may be used We accept no responsibility for results obtained by the application of this
iformation or the safety and suitability of our products, either alone or in combination with other products Users are advised to

make their own tests to determine the safety and suitability of each such product or product combination for their own purposes
Unless olherwise agreed in writing, we sell the products without warranty, and buyers and users assume all responsibility and
Iabhty fof loss or damage arising from the handling and use of our products, whether used alone or in combination with other products

L-15



Packaging

Unigenl -nigelatin dynamite is available in the following cartridse sizes and counts:

Detonation Velocity
Nominal Cartridge Count (Confined)

Dt'0bL.i0K\ Cartridge Size per 50-lb (22.6-kg) Case fps rps

1' x 8 in. (28.6 x 203 mm) 134-142 13.700 4,175
1 ,, x 8in. (31.8 x 203 mm) 109-115 14,300 4,360
1,2 x 8 in. (38 x 203 mm) 76-82 15,400 4,700

x4,I L.:-"2 - 8 in. (51 x 203 mm) 41-45 16,100 4,900
2 x 16 in. (51 mm x 41 cm) 19-22 16,100 4,900
21/4 x 16 in. (57 mm x 41 cm) 16-18 16,700 5,090

NET 1401, -21,2 x 16in. (64 mm x 41 cm) 13-14 16.700 5,090
2,4 x 16 in. (70 mm x 41 cm) 12-13 16,700 5,090
3 x 16 in. (76mm x 41 cm) 10 16,900 5,151
31/2 x 16 in. (89 mm x 41 cm) 7 16,900 5,151
4 x 16 in. (102mm x 41 cm) 6 17,000 5,182

41/2 x 162lbs(l14mm x 7.5kg) 3 17,000 5,182
5 x 25 lbs (127 mm x 11.3 kg) 2 17,200 5,243

Transportation, Storage, and Handling

The proper shipping description and hazard classification for Unigel as described in this bulletin is:

High Explosives-Class A-Explosive-(Dynamite)

For recommended good practices in transporting, storing, handling, and using this product, see "Do's and
Don'ts" Instructions and Warnings packed inside each case, and consult the Safety Library Publications
of the Institute of Makers of Explosives.

Stock should be rotated. Avoid using new material before old.

Unie is classified by the U.S. Department of Transportation as High Explosive Class A and must be
transponed. stored, handled, and used in conformity with all applicable Federal, state, and local laws
and rec.ulations.

I0-8"

Hercules Incorporated.ERCU ES 910 Market Street
Wilmington, DE 19899

AilantI Chicago Denver San Francisco Wilmington. DE 19899
Norcross GA 30071 Naperville, IL 60566 Englewood. CO 80111 Walnut Creek. CA 94596 300 Dels-are Avenue
3169 Holcomb Briage Roaa One Energy Center 6484 South Ouebec 590 Ygns-to Valley Road 16th Floor
Sute 700 300 East Shuman Street Suite 300 1302) 575-5700
(404) 447-9120 Boulevard (303) 779-1717 (415) 930-3500

Surte 260
(3121 9G 1 -4000
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BULLETIN TD-2131
(Supersedes TD-2 I 3H)

UNIGEL Semigelatin Dynamite
Description

Unigels is a speciallk formulated semigelatin dynamite developed exclu:,ivel\ to be a single. all-purpo,,e
explosive grade that can be used for most blasting applications, with resulint ,a\,in[s in explosive cost,
It is a replacement for man\, of the tnore expensive specialty-Lrade dynamite,, that offer var)ing energy
value with each crade.

Uni-el has good water resistance and excellent uniformity of mixture and pla,,ticit-. with,tands lonig
periods of storage without deterioration, and will detonate completely under moderate ssalcr pressure.
Unigel is an excellent primer for ANFO.

Typical Characteristics

Specific gravity 1.27
Weight strength, % 66

Cartridge strength, % 58
Minimum sensitiveness, in. (mm) 12 (305)1- )

Detonation (confined) velocity, fps (mps) 14,300 (4,360)'A

Measured energy x 106:
Weight, ft-lbs/lb .95
Volume, tl-lbs/ft3  75

Energy comparison (with ANFO as 100)
Weight 86
Volume 143

Fumes Class 1Ibi

Water resistance Will detonate afier 24 hrs
(2-in.-dia. (51-mm) cartridge) under 12 ft (3.66 m) of water

Shelf life One year under cool, dry, and well-
ventilated storage conditions

aI ,.-in. (32-mm) diameter
bi 2-in -diameter carinoge and above will be Fume Class 1 unless requesied Class 2

Features

I Single explosive grade for universal blasting applications-simplified inventory requirements.

" Minimum afterblast fumes and smoke.

" Extremely good shelf life-superior to most gelatin Lxtra dynamites.

* Unigel semigelatin dynamite can be used as the main explosive charge or as a primer for ANFO
mixtures because of its high rate of detonation.

" Provides performance equivalent to that of more costly specialty grades at less cost.
(over)I e cannot anticipate all conditions under which this information and our products, or the products of other manufacturers

in combination with our products, may be used. We accept no responsibility for results obtained by the apptication of this
information or the safety and suitability of our products, either alone or in combination with other products. Users are advised to
make their own tests to determine the safety and suitability of each such product or product combination for their own pi-rposes
Unless otherwise agreed in writing, we sell the products without warranty, and buyers and users assume all responsibility and
liability for loss or damage arising from the handling and use of our products, whether used alone or in combination with other products
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BULLETIN TD-204C
(Supersedes TD-204B)

HERCULES® PERMISSIBLE EXPLOSIVES

Description

Hercules permissible explosives'') are designed to meet or exceed any coal mine blasting requirement

encountered, including underground coal construction. The), are available in three nonnitroglycerin brands

and eight nitroglycerin-sensitized brands. Each has been custom-develop,-d for a particular use and then

adapted especially for that use after years of fieldwork that included both explosives grade elimination

and optimization studies. The result is a compact list of improved and easy-to-select-from group of per-

missible explosives that will provide both economy and efficiency in an) coal-blasting operation.

1xplosve$s that have been tested by the Mine Safety & Health Administration and passed as safe for blasing in gaseous and duSty coal mr e. if used

in accordance with the Code of Federal Regulations (30 CFR 15.19).

Typical Characteristics Nonnlrgtycerln Permisslblelal

Minimum Nomlnzi

Measured Energy 0i' Average Detonation Vlocity Permitsible Cartridge Counl

WighL Volume, In 1 Y x 8-In. Cartridges Water Cartrldge OIL Fume Class. par 50-lb Case
Brand fl-lb/Ib 1-tbs/ltt  ft/sec m/set Resistanceblt In.iCI Bureau of Mines 1 1A x 8-n. dia

Hercoat" 330 0.92 69 9.840 3.000 3 1 A 117-124
Hercoal 340 0.88 54 9.510 2.900 3i/? 1 A 142-150
Hercoal 378 1.04 79 11.800 3.300 2 1 A 114-122 "

Nitroglycerin-Sensitized Permitsibles

Red HP A 0.95 63 8.200 2.500 3 1 A 116-124
Red H C 095 61 5400 1650 3/ 1 A 135-145
Red H F 095 49 6.400 1.950 3 4, 1 A 173-185
Red H L 0.96 49 6250 1.900 4 1 A 184-196
Colier6 C 090 52 9.900 3.025 3 1 A 155-165
Ped H B 100 63 10,400 3.175 3 1 A 135-145

c A 095 89 16.900 5.150 2 1 A 96-104

rcogelB 095 89 16.500 5.030 2 11/ Ad) 96-104

(a)Wnen compared with nitroglycerin-sensized ermlssibies, the Outstanding features of nonnitroglycerin permissibles are (1) they d0 not produce

headaches after handling and (2) they produce impioveo aherbrast smoke
biAting ranges from I to 4. with I the best

(C)Accordng to Mine Safety & Health AOm-nstraihon (MSHA) regulations

lIdAll Hercules perrrissibie ezrclosfves are in the U S Deiparlment of Interiors Bureau of Mines USBM) Fume Class A Only Hercoget B is formulated

to De in bath USBM Fume Class A and 1M4E Furmie Class 1.

Selection of Permissibles
Of the factors that enter into the choice of a permissible explosive for a given application, probably the

two most important are (1) detonation velocity and (2) energy. A permissible with a slow detonation

velocity will usually produce a higher percentage of prepared, coal sizes, while a fast permissible has the

smashing action desired in the production of fine sizes such as coking coal. To assist in selection of the
brand that is most suitably adapted for a particular application, Hercules offers the following:

(over)

We cannot anticipate all conditions under which this information and our products, or the products of other manufacturers

in combination with our products. may be used. We accept no responsibility for results obtained by the application of this
nformafion or the safety and suitability of our products, either alone or in combination with other products. Users are advised to

make their own tests to determine the safely and suitability of each such product or product combination for their own purposes
U-"'ss otherwise agreed in writing, we sell the products without warranty, and buyers and users assume all responsibility and

liabi),, for loss or damage arising from the handling and use of our products, whether used alone or in combination with other products
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water-resistant permissible.
For use in underground coal construction such as hard Hercogel B Because of its fume class (satisfying bothttk lasting for Shafts, siopes, entries, and overcasts. Bureau of Mines Class A and ll: Llass 1) and

high-velocity and energy characteristics, this
product grade is the ideal selection for uses
where al regultions tor permissibility must
be observed.

NOTIE. Att Hercules permissible explosives contain a high percentage 01 granulated sal to make them even more preferable forcoal mining. The salt has a cooling efftet on the flame emitted by detonation of the permissibles, and reduces the chance
of the explosives igniting gas or coal dust. Even though the"e high-Salt Permissibles provide an added factor of safety to
coal mine blasting, they must be used in full compliance with all permissible regulations

Packaging
All Hercules pertmissible explosives except Hercogel A and Hercogel B are available in all standard
cartridge sizes of 1 to 2-in, diameter and 8-in, length, and in king-size canlridges'21 of I %A to 2-in, diameter
and lengths of 12. 16. 20. and 24 in.

SHercogel A is available only in standard cartridge sizes of I to 2-in, diameter and 8-in, length. It is
not available in king-size cartridges.

1-ercogel B is available only in standard cartridge sizes of I1' to I 3/-in. diameter and S-in, length. No
other sizes are available.
i411(ing-size fermissibie cantridges vrovioet a more continuous column teower, cartridg crimps). whict% results in more efficient 0eiantioi arnd areauctioni in afterbiailt fumnes ano smoile Opoontunuty to( a filled criarge os sible Tns11 improve$ the4 excolwsM economy lor weIM41s ess waste iipan-catiges arie mte time saved in lading tMe Dorenoies Furthermiore, there is consaderably was chance lot misfires trom coai dust collecting

btwieen cartridges

Storage
Permissible explosives, particularly the grades with low strength and low velocity, absorb moisture readily
and may deteriorate as a result. For this reason, the oldest stock should be used first in order to mtnimize
duration of storage. Once permissibles, are taken underground, they should be used within 48 hrs. as
specified in the U.S. Bureau of Mines permissibility regulations.
The products described in this technical data sheet are classified as High Explosives and must be trans-
ported, stored, handled, and used in conformity with all applicable Federal, state, and local laws and
regulations.

~ Hercules incorporated
910 Market Street

A Wilmington. DE 19899

Atlanta Chicago Engwrewood. CO a0111 San Francisco Wilmington. 0E 19699
Norcross. GA 30071 Naperville. IL 60586 6464 South Quebec Street Walnut Creek. CA 94596 300 Delaware Avenue
3169 Holcomb Bridge Road One Energy Center 303) 779-1717 590 Ygnacio Valley Road 16th Floor
Suite 700 300 East Shuman Suite 300 (302) 575-5700
1404) 447-9120 Boulevard (415) 930-3500

Suite 260
(312) 961-400W (L-19)



DATE

COWPUTAT ION SHEET
PAGS OF PAGS

SUBJ-ECT

BLAST VIBRATION MONITORING
COMPUTATION NO.

SEISMOGRAPHIC REPORTS

COMPUTED BY 04ECKED BY

86'

1 Mono. 7, 8, 9 3-27-84 P/S Due N 0.08

2 Mono. 9 3-30-84 Prod. Due N 0.05

3 Mono. 8 3-30-84 Prod. Due N 0.05
86'

4 Mono. 6. 7 4-02-84 Prod. Due N 0.07

86'
5 Mono. 6 4-03-84 Prod. Due N 1.00

225'
6 Mono. 2, 3 4-10-84 P/S NE 0.02

Access 400'
7 Mono. 2, 3 4-10-84 Prod. Rd. S 0.04

Access 325'

8 Mono. 2 4-12-84 Prod. Rd. S 0.01

40'
9 Mono. 10 3-05-85 P/S SW 0.02

175'

10 Mono. 14 3-07-85 Prod. SW 0.02 1

11 Mono. 11, 12 3-13-85 Prod. SW 0.04
251

12 Mono. 10, 11 3-13-85 Prod. SW 0.33
25'

13 Mono. 10, 11 3-14-85 Prod. SW 0.32

ORN FOMI (L-20)
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VIBRA-TEr'" ENGINEERS BLAST AND SEISMOGP ')HIC REPORT

Client US Army Corps of Engineers

Job Location Stonewall Jackson Lake Dam

Date 12 April 1984 Blast No. 8 Time 3:'E pm

Exact Blast Location Monolith #2 Pr,oduction shot

B No. of Holes 92 Diameter 2/ in. Avg. Depth 1.25 ft. Subgrade ft.
L

A Spacing x ft. Burden ft. Avg. Stemming ft.

T Make & Type of Explosives: Delay Make Miladet

D L'nigel_ 40 lbs. Delay Type & Nos. Hercules 450
A
T lbs. Min. delay period Ms.
A

lbs. Max. lbs./delay period lbs.

lbs. Blaster William Young

_ __ lbs. Weather cloudy

Total Explosives 40 lbs. Wind Direction & Speed 1-2 mph SE directionSEvedert Only

i Seismograph No. GM4 1090 Range/Gain Setting ips Tgger Level

E Exact Seismograph Location On access road to Monolith #3 325' south of los

S IMonolith #3 upstream

0 Seismograph Distance & Direction from Blast 325' south of Monolith #3 SW from blasting

R Peak Overpressure 120.1 dB Operator E. Mendenilla
A Meters 0. O
H Peak Particle Velocity ips Cassette No.

Remarks:D
A Vibration Analysis by- Date:
T
A Vibra-Tech Engineers, Inc.

1US RIVERSE SlOE FOP "LAST O'AORAMI

(L-21)
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Bulletin VT GMS 4(1-7

/IIRA-TECH ENGINEERS INCORPORATED
'104 NZACKVILLZ PIKE . nOCKVILLZL. MANYLAkO Z004U

3°1'7524175 CONSULTANTS TO THE MINING, QUARRYING. CONSTRUCTION AND

EXPLOSIVE USING INOUSTRIES.

VIBRA-TAPE® GMS 4
the sophisticated one

VIBRA-TAPE PROVIDES FOR SOPHISTICATED RECORD!NG OF GROUND AND A!R EFFECTS
FROM BLASTING IN TERMS OF PARTICLE VELOCITY & DECIBELS

The Vibra-Tape GMS-4 Blasting Seismograph is a four channel instrumentation cassette tape recording
system (record only) designed for field recording of three channels of seismic data and one channel of air
overpressure signals while simultaneously presenting a visual display of the peak velocity sensed by any of
the three component velocity sensors (pickups), and the air-concussion sensed by the microphone. It is
intended for use by blasters, contractors or quarry operators in conjunction with professional persons
rendering consulting services in blast damage control. The full signature of the earthborne vibration and
the air overpressure signals are recorded on magnetic tape for subsequent reproduction on auxiliary
equipment and detailed analysis.

The Vibra-Tape GMS-4 has an easy to use, operating sequence which assures the user of obtaining quality
data after only a few minutes of instruction. Data recorded on the tape includes the three velocity
components of earth motion (one vertical, two horizontal), air or sound pressure in decibels and lbs. per
sq. inch, dynamic calibration data for the velocity pickup, battery voltage, tape calibration data, and voice
comments for event identification and notations of the meter's reading.

The instrument's meter indicates and holds the peak velocity sensed by any of the three pickups and the air
blast sensed by the microphone until the reading is noted and reset or the instrument is turned off by the
operator. The standard meter reads directly in inches per second of peak velocity and decibels of peak air-
concussion and allows the operator to know immediately the level of vibration and air-borne effects that
have been recorded. This enables the blasterto adjust, and thus control, his shooting to staywithin desired
limits.

Standard seismic frequency response of the Vibra-Tape GMS-4 is 1 to 200 Hz or higher (3dB points). The
velocity pickups have a 10 Hertz natural frequency with special amplifiers to achieve the 1.0 Hz response.
The pickups are rugged in construction and are easily employed. The acoustic microphone has a built-in
preamplifier which minimizes stray electrical signals and line noise. Storage is provided for the three
component pickup, the pressure microphone and the internal batteries. The instrument's standard 6 volt
lantern batteries provide up to 75 hours of operation, whereas e,-ch shot normallyshould not require more
than five minutes to record. The recommended C60SD cassette tapes can record continously up to 30
minutes.

(L-22)



vibra-tech engineers incorporated
CONSULIAN'I TO TN MINING. O UANYING. CONSTNUCTION ANO EXPLOSIVE USINO INDUSTRIES

7D6 ROCKVILLE PIKE ROCKVILLE, MD 20852

June 7, 1983

Mr. Otto Feuer
Wiley N. Jacks=n Company

P.O. Box 419:
Roanoke, Virc--Ia 24015

V1BRA-TAPE GMS 4 #1090

Dear Mr. Fe.-e,

This letter is to confirm that a period of instruction on the correct
operation and use of the Vibra-Tape GHS 4 seismograph was provided by

Mr. Dale R. Fuck on June 2, 1982, at your Roanoke office.

The followin; people were present for that instruction:

1. Ja-es Silvers
2. Y,.ren Silvers
3. Clayton Smart
4. Andy Clark
5. O:to Feuer
6. Lynn Gisiner

If anyone has any questions or requires additional information please
do not hesitate to contact this office at any time.

Yours faithfully,

VIBRA-TECH ENGINEERS, INC.

G. Alan Foster
Sr. Vice President

(L-23)
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DATE

COWPUTAT ION SHEET
PAGE or PAGES

SUBJECT
DRAINAGE GALLERY DRAIN HOLES - Nipple Depth 1.75'

COPUTATION NO.

COMPUTED BY CHECKED BY

SELEV ELEv ELEV <TOTAL
NO STA - LOCATION MON ELEV ELEO ZDEP ELV

1 1+27.50 1 1051.25 1045 6.3 998.5 53.6

2 1+30.00 1 1051.25 1045 6.3 994.0 58.1

3 1+42.50 1 1051.25 1045 6.3 984.5 68.3

4 1+52.50 2 1047.50 1022 25.9 977.0 71.6

5 1+62.50 2 1040.00 1022 18.3 970.0 71.1

6 1+72.50 2 1035.00 1022 13.2 964.0 72.1

7 1+82.50 2 1030 1022 8.1 957.0 74.1

8 1+95.00 3 1005.00 995.6 9.5 954.5 51.3

9 2+02.50 3 1005.00 995.6 9.5 954.0 51.8

10 2+12.50 3 1005.0 995.6 9.5 953.0 52.8

11 2+22.50 3 1002.50 995.6 7.0 952.0 51.3

12 2+32.50 4 1002.50 995.6 7.0 951.00 52.3

13 2+42.50 4 1002.50 995.6 7.0 950.0 53.3

14 2+52.50 4 1002.50 995.6 7.0 949.0 54.3

15 2+62.50 4 1002.50 995.6 7.0 948.0 55.3

16 2+72.50 5 998.1 987.4 10.9 947.0 51.9

17 2+82.50 5 995.0 987.4 7.7 946.8 48.9

18 2+92.50 5 995.0 987.4 7.7 946.5 49.2

19 3+02.50 5 995.0 987.4 7.7 946.3 49.4

20 3-r12.50 6 995.00 987.4 7.7 946.0 49.7

21 3+22.50 6 995.0 987.4 7.7 945.8 49.9

22 3+32.50 6 995.0 987.4 7.7 945.4 50.4

23 3+42.50 6 995.0 9 . 7.7 945.0 50.8

24 3+52.50 7 1995.0 985-0 10. 945.0 50.8

ORN FORM-2)7 DEC 44 3(N2



DATECOMPUTATION SHEET
PAGE OF PAGES

SUBJ ECT

DRAINAGE GALLERY DRAIN HOLES -Nipple Depth 1.751
COMP UTATION rNO.

COMPUTED BY CH4ECKED BY

NO TA LOATIN ON ELEV ELEV ELEV TOTAL
NO SA- LOAINMNDEP

T/CONC, T/RO IR -ot 'RT PTH

25 3+62.50 7 995.0 985.0 10.1 945.0 50.8

26 3+72.50 7 995.0 985.0 I0.1 QW_ - 0)R

27 3+82.50 8 -25.00o 985.0- I0.I CI45N 50.SR

28 3+92.50 8 995.0 985.0 10.1 9&ln 5A

29 4+00.00 8 995.0 985.0 10.1 1945.0 50.8

30 4+12.50 8 995.0 985.0 10.1 1945.0 50.8

31 4+22.50 9 995.0 985.0 10.1 1945.0 5.,

32 4+32.50 9 995.0 985.0. 10.1 1945.0 150.8

33 4+42.50 9 995.0 985.0 10.1 1945.0 50.8

34 4+52.50 9 995.0 985.0 10.1 945.0 50.8

35 4462.50 10 995.0 985.0 i0.i- 945.0 50-8

36 4+72.50 10 995.0 985.0 10.1 945.n 50.-

37 4+82.50 10 995.0 985.0 10.1 945-0 50.-

38 4+92.50 10 995.0 1 985.0 .i 945.0 sA.

39 5+02.50 11 995.0 995.0 10.1 g4 .0 sno.

40 5+12.50 11 1001.25 985.0 16.5 945-n 97-1

41 5+22.50 11 1005.00 985.0 20.3 945-0 6Q-9

42 5+32.50 11 1005.00 985.0 20.3 945-. 60.9

43 5+42.50 12 1005.0 985-0 20-3 945-0 6f)-

44 5+52,50 12 1005.00 9 . 2...i... Qz2 l &Aq

45 5+62.50 12 Mi05110 A A 9n.I QZ.. Ao .6.a.

46 5+72.50 12 1010.62 985.0 26.0 945.0 66.

47 5+82.50 13 Q15.00 I .000 .2- 9 46-0 70-1

48 5+92.50 1 .13 11019.37 i000 -19.7 -950.0 70.4

ORN FOR(
7 DEC 44 437 (N-3)



DATE

COCUTATION SHEET
PAOR OF PAGN5

- --

SUBJECT
DRAINAGE GALLERY DRAIN HOLES - Nipple Depth 1.75'

COMPUTATION NO.

COMPUTED BY CHECKED BY

ELEV ELEV ELEV <TOTAL
NO STA - LOCATION MON Eletup T/RQ DEP EL.V O TOTA

49 6+02.50 13 1025.00 1000 25.4 953.5 72.6

50 6+12.50 13 1030.62 1000 31.1 957.5 74.2

51 6+22.50 14 1035.00 1027 8.1 962.0 74.1

52 6+32.50 14 1035.00 1027 8.1 967.8 68.2

53 16+42.50 14 1040.00 1207 13.2 975.5 65.5

54 6+52.50 14 1045.62 1027 18.9 982.0 64.6

55 6+62.50 15 1050.00 1040 10.1 988.0 62.9

56 6+72.50 15 1050.00 1040 10.1 991.0 59.9

57 6+82.50 15 1056.25 1040 16.5 994.5 62.7

58 6+92.50 15 1060.83 1040 21.1 998.0 62.8

59 7+02.50 16 1065.0 1060 5.1 1001.1 65.0

60 7+12.50 16 1065.0 1060 5.1 1006.0 59.9

61 7+22.30 16 1065.0 1060 5.1 1011.5 54.3

62 7+32.50 16 1065.0 1060 5.1 1016. 5 4.,2

ORN FOVA 437
7 DEC 44 47(N-4)
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J F ALLEN COMPANY AND,)

WILEY N. JACKSON COMPANY, JOINT VENTURE

P.O. DRAWER 747

WESTON. WV 26452

25 June 1984i

Anny Corps of Engineers
P. 0. Box 608
Weston, WV 26452

ATTENTION: Mr. William F. Woodburn
Resident Engineer

RE: Stonewall Jackson Lake Dan
DACW59-a3-C-0053
West Fork River
UPLIFT PRESSURE CELLS -

INSTALLATION PROCEDURE

Gentlemen,

The eighteen (18) uplift pressure cells in Monoliths 5, 8 and 12 will
be staked out and installed according to specified locations which are shown
on contract drawing #037D-Ul-88/2. A 4" diameter hole will be drilled 4 feet
below the existing foundation elevation and thoroughly flushed %ith water.
The 2'-6" x 1'-4" wooden box constructed of 3/4" material will be placed on
the foundation with the bottom shaped to conform with the contour of the
foundation and having a minimum depth of 8" at the highest point of rock. The
schedule 120 PVC pipe tee, the two slotted schedule 80 PVC pipe with caps
,nd the I'," to 1" reducer will be installed in drilled hole and box. A short
,enw-th of schedule 120 PVC pipe will then be installed through a pre-drilled
hile the wooden box and connected to the 1Y2" to 1" reducer. The 4" dril-
,ed h; 1ind wooden box will then be filled with washed #8 pea gravel, the
,,d of the box will be attached and the box will be encased with a minimum

in hes of concrrte at least 24 hours prior to placement of subsequent
>:ft of -oncrete. The pipe runs will be placed with an upward slope of !4"
per f(uot form The cell to a point directly beneath the reading station and
thence verti 'd 11y upward to the gallery recess. The pipe assemblies will be
hield in posi-ior and secured during concrete placement.

ThY R AD(X STATICIN
The extended PVC uplift pipes exiting into the readout station will be

prn tected with corrosion-resisting steel pipe. The end of each uplift pipe
it -he reading station will be capped with a shut-off cock and a snap-lock
¢onnertor. A metal identification marker will be permanently fastened to
each p::ft rpe extending into the gallery recess.

We a enclosing copies of submittals #8, dated January 10, 1984 and #57,
dated April 17, I:84 which have been approved for use on this project. The
items listed were: 18 each - Parker Y brass couplers

18 each - Parker % brass nipples
18 each - 6' diameter test gauge
18 each - 3/4" brass gauge cock

(0-3)



Page 2
Army Corps of Engineers
LFLIFT PRESSURE CELLS

If there are additional questions concerning this matter, please do not
hesitate to contact this office.

,espectfu-lly yours,

E. Mend nilla
Field Engineer

EM/sh

cc: file
enc: as noted

(0-4)
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!:ONEWALL JACKSN DAM

UPLIFT PRFSSUJRE CELL. L.OCAITONCS

Ue I Mono ht Darn Ax C-f flts et Call GauaeNo. No. Station Downstream E.lev. Elev.

5 2*7 - 1 ' --437 5 1. .1000

2+87.5 1' '78. 7 1000

5 2+8 7.5 21V .1000

S2+7.5 4' 44 1000

):-. 4C7. 5 5: 61 1000

,5 2+87 5 77' t5. 1000
/ , 5+7..5 I.' 9f8,3, lOl 1 ]0

1.1'1 C) 0 10

5' 231. 0 00

41' 00

-+4 ' 'v:: .4 1000

12 ,- 5+7. 77' . 1000

1 12 5+58.0 ' '104 1.010

1 4 1 2 5+. 2 5 1 2 : ' - , . O] U
[5 125+58. [12 _:7 0 1 :4 ,U 1 U

1 t, 12 5: . w 5'.t' ,4::: . 5 iL9 0:

12 5+5 . _ 5,..' '.; - -, 1010

i1-8 12 5 :1: .0 10' '0'31 lo

(0-6)
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ROCK ANCHtk R',

SU .B J,].E C r. 'AUE__

1) Rock U;'It Face .................................. P-2

(_) St tLt r i q Basin .................................. P--4 - P-t,

(3) Divers ion (hi,.rirei Area .......................... P-7 - P-23
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- -U - "- -- -"-

Ri'-K ANCHOR B' '. S

Mu.Ni..I FH EX(7AVA Frl)N FAL;FS

( I t ) Instal I
nuan. S i z e Lenith Date Lo c at. i on

I ea.- #L1. x'20. ' 0. C L-) 5 ;-.5 Downstream S ide of i;t oe
I Diversion Channel : I t.
abutment side

: #1 x2_].. 1' 40 . 0 C)3- 1;:-'-:,::!5 Morn. 1 /14 ia in t 'i/-

2 Pa. X'2'x2Cl0' 40. 0 0 )15-,:,5 pstream side of StaJe I
D)lver ion hanne 1: r t.

cibut. side; vertic:ais nn

top

2 ea 0 40.0 5- 15 -:-:5 Upstream side of Stage I

Diversion Channel: rt.
abut.. side; t.hrouqh -Lde

e, e,. : x.::1;. 5' L - U 1) 1 -0,,_-S-.5 Mon. l , Row B ( f i r t pw
down face)

, x. #_x2 ' 22L I. i1 -H- , Mon. It; Row A: vi t t L ,i

top Mort. i-, app, o .x

- a oa. #I1x20.' .1:-:0. J 05- -- ' 4 Ro-w P: Mon. 2/. -ItLrlr

ea. #11x25.0' 75. 0 05-17-;-;4 Row P; Mori. 2/7 io1nt

1 ea. #11x30.O' 3.0 05-17-:,34 Row P, Mori. 2/7 jorit

5 ea. #11x30.O' 15..0 ()5-1t,-- S4 Rnw C: Mori. 2/ icinr

7 ea. #11x20. ' 140.0 05-07-:54 Row C; Mon. 2/3 line

drilled face

15 ea . # L Lx. 1(). 1' 4_5 .0 05-0,7-:-4 Kow C : Mori. 2 / Lrie

dr i led face

9 ea. #11 xl .5' 7> .) 104-04-:_:4 Row B; Upstream pte
above i nre dr I Iiric it
Mort- 2/7 oirt

, , t . ' ,. % )4-1:;-;-;4 R)w 1 ; IJpzt , im rac:,

(P-2)



above Iinc drJ rig at
Mon. 2/ iint

. I .5' - !4 Row D: Mot.n .

e ea. 7i.S. '(i.S 04-]2-9C41 4 Row C: Line dr il.. jed face
dowristr eain of Mon . i on
Mori. 1/ loint

Pea. #11x 17.5' 52.5 04-11-:-',4 Mor. 2/,5: f ist row
Mor. 5

5 ea. #I1x17.5' ,-.5 04-11-84 Mon. 2/5; secor d row

Mon. 2

L_ Pa. 411x1 .5 27.5 0)-,-0D-::4 Row C; Mon U

Cs a. #22x1.5 55.0 03-20-4 Mon. -. face

5 L. #11x17.5 ,7.5 03-20- 4 Mon. -5 face

Pa. #IIxI7.5' 52.5 05-20-24 Mon. 2 face

15 ea. #11x 17.5 227.5 05-14-84 Row B: Mor. L

Pa sa #x1,1.5' ';75 05)-12-824 Retaining wall above

Mon. 1

Ca. #ILx1'5 .5 179.5 03-12-84 Row A: Mori. I

(P-3)



Ft.JNA A _LN ANCH'RS

STILLING BASIN

ResteeL - 14-S Bars

Un i t Total
Date Mar"k hwi antity Weight/Ft Weight/lb

12-2U=P4 14-5-2 7.05 1557.41
Ad t -,o n, t 14--2 7.05 4440.24

I2- 1 14-5-2 7 7.t5 1557.41
[1--4 14-_- 7/ 1557.41

12- I 0-4 14-5-2 5 7.hs5 1112.44
11 -2-4 14-.-2 5 ?.b5 729.04
11- 7-84 14-5-2 7.,5i.
Addition 1 14-S-2 5.05 17:0.10
11 i- 4 14-S-2 5 7.b 5 1112.44
11-14-04 14-S-1 t. 7. .5 1220. 18
11-15-?4 14-S-2 7 7.5 1557.41
I 1-5-84 14-S-2 7 . 5 1557.4t
10-27-',4 14-S-2 5 /.b5 1112-a4
10-24-44 14-5-1 b ,.Z5 1270- r,
10- 417-4 14-5-, 4 7.,5
1)-IS-:5-4 14-S-I ,,5 242512. >4

(P-4)
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ROCK ANCHOR PROGRAM.

DIVERSION CHANNEL AREA

L EG E)N

/p -

roe of S/0,0&- u AreAS .19~

U Y77 -C 5p

Are& 2

/1

To Of S/0 -

PLAN
SCALE 1* - 0'
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P-I;

ROCK ANCHI-WR PRO.)GRAM S,.rN(-)P,- is

DIVERSION CHANNEL AREA

On 24 and 25 Auqjust I 3, the contrac:tor conductedj a test on three
rock anchors (1A.1, 1A2, arid IA7) . He used the grade 150 ( .- 3/::
inch dia-) prestressed steel dywidag bar in a 2 inch diameter hole
with celt.ite (4512) bonding resin ('4 cartridge in 1A2 and 1A7 and

11 cartridge in AI). The tests were conducted under the
supervision of Mr. Gary Greenfield, Celtite representative. Ail
three anchor-, failed to obtain the 155 kip stress requirement.
Fwo failed in the '-5 kip range and the third at 75 kip- Mr -

Greenf i led corc: lided from his resin anchorage chart, relationsh ip
of failure point to length of resin anchor bond and field
experience that we were dealing with weak rock criteria and from
the three test. results, he suqqested that the Corps of Engineers
re-evaluate rock conditions with considerations given to
increasing the number of anchors thus lowering the stress yield
requirement for each anchor.

On 01 September 1-85, the contractor had Mr. Mike Fitzpat.r ick,
representing Williams Rock Anchors, supervise the installation and
,tressirng of two rock anchors using the contrac~t specified
(Section 2N, par. 5.3.3) 2 inch diameter RIS bot.. Corps of

Erqlineers personnel present for this test were Mr- P. 'shel, )RH
,:ind Mr. J- Browi and Mr. A. Krysa, oRP. The two bolts were
installed in the same area as the previously tested dywidag bn1t.s
and both (LA.3 arid lA9) failed to obtain the required s:,tress of 155
kips, 1A'4 failed at 2t, kips and unable to obtain any stress
readings on 1A3. It should be noted here that anchor 1A, that
,i hi.eved zero stress results was located in an area that was later

discovered during the rock anchor program to be an area that.
positive results could riot be obtained. After the failure of the
two Williams bolts, Mr. Fitzpatrick told the group that he did not
know what the problem was but felt. that required results could
possibly be achieved by adjusting procedures, such as using doub 1
anchor cones.

A meeting was held in the Resident Engineer's Office. Present
were Mr. Brown and Mr. Krysa, (-)RP; Mr. Oshed, ORH; Resident
Engineer, Mr. Woodb'irn, Assistant Residerlt Engineer, Mr. Loudir
and myself from the project office. We discussed the previous
test result.s and concluded that the most. feasible solutions to the
problem was to let the contractor select a lesser bolt
size/spacing/stress requirement (see attached sheet), which would
satistfy de' gn :riteria ,rid submit it to the Distr ic t Offic:e for
.appr oval.

(P-13)



The c:ort.rac tor selected the spac ing compatile with the /5 hip
stress requirement which had t)been exceeded dur ir( the test nor tile
dywidag anchors previously. Another requirement .imposed upon the
contrac tor in using the dywidagl bar was that he must have azt least
10 vertical feet of resin tond for each anchor lnrstdliJEd with c-I
max imum top elevation of 1005 rieir the diversilor channel to
elevation '-4:::5 at Monolith No. ,.

With knowledge that the 75 kip yield strenqth would be ro problem,

the c:ontrac:tor ordered the No. .1, grade f,0 dywidag bar, whJ.ch
met the 75 kip yield strength requirement before proqram approval
from the District Office. The supplier did riot have the No. 1
bar in stock, so the contractor obtained the Grade 150, 1-3/: inch
diameter bar that had been used in the initial testing. - on 08
September ' 85, the contractor started his revised rock ancl:hor
program. He had problems iriser ting resin cartr idge in a 2 inch
diameter hole, suc-h as, was used during the test program, o he
went to a 2-1/4 inch diameter hole and in problem areas, such as
in Area I, he drilled a 3-1/2 inch diameter hole to the top of the
bonding zone arid carglng to a 1-1/4 inch diameter bit to complete
the hole.

On 12 September 1 -3, the contractor performed the ftirst. stress
test on 1&, installed anchors. Two anchors failed the 75 fip
requirement. arid 2 of the satisfactory anchors (_LC4 arid '-A,-) were
stressed beyond the /75 kip requirement. 14 had cap rock failure

at 12, kips but 3A3 achieved 15':o kips before the test was stopped
because of bar Limitation. Although not suggested by Mr.
Greenfield dur nrq the initial testiriq of the dywi laq bars, the
stress yield1 on a bar is directly reated to 1lnqth or ( ,irl
:ntcr nor bonrd- In the 15 deqree angle holes nre are I , t tcoak
12-4512 t es in cartr idges to obtain the 10 foot ver t ic_ - bording
on e. in -/4 inch diameter hole with a I -3,, inch diameter
bar inst._-led, the 4512 resin cartridqe produces 12 ir, the.--, of
bonding length. Thus, the 12 car tridges used produced a total or
144 inches bond length. On the resin ari(:horaqe hart under weak
oc k cr iter ia, 1 inch bonding lenqth produces approx i mate lv 1-1

kips. Thus the 144 inches bonding length theoreti.cally should
obtain 159.5 kips.

Thus, with the resin anchorage chart data substantiated with tie]i
test results, the contractor was instructed to return to the
original spacing/stress yield requirements with two adjustments.
(1) Area 5, which by then was over 50% completed, culd be
finished using the closed spacing/lower stress yield progiram. (2
[n Areas I and 2, remaining anchor holes would be drilled 4 feet
deeper than origirally scheduled so that an additional 4 relt1te
cartr idqes could be added to each hole, for a safety fac tor
qiving a total of It, cartridiges for each anchor.

With the imptementation of the above procedue, the o o k ani -r
proor am was c rmp let ei orn 27 Septemb~er 1, ,:,,3., exc ept t or 2 rows 1 2;

in(her;) h r thie rver tse (f Atea I. A t(--Stage 1 -otter-dams

(P-14)



had been constructed arid the cof fered area ha--d been dewater e'1. the
diverison channel are a roL.k an c:hor pro ct ii was (:c n t inue (Irio
(-ompleted between 14 Dec ember arnd '.?0 Dec elnTibe I -

Fh iS phase of the program corisis ted of r eino-v iiq the o-vertoir1Pr1 Iro
installIing the two t iverward rows (F arid G) tf rt )(k --tc h i r -- i
Area I1. The rock surface ioxposed by the removal cat the overburderi
consisted ot weak, thin beoded, silty sandstonie arid --si. L t !.t L)riePs--
that under lay the massive sandstone cap rot k tha-7t was pr ejiiant
in Area I during Phase 1. This softer material presented a
problem dur iri the a.nchor- stress tirig procedure in that the rot v
beneath the anchor plate failed before the anachor rock c ou Id be
stressed to the 15.5 kip requjirement. The c:ontracto(-r tried tn
eliminate this problem by using a wider base plat~e (1.5' x L-5' x
I") but was only partially successful. Even with the lairger
plates, only 4 of the original 12 rods could be stressed to 155
k ips. o- rods that had cap rock failure dur ing re-sin but held 75+
kip were supplimerited with '2 additional rods (GX-1. arid (-;12) in
the general area and of the two remaining anchors wh ich had bar-

failre.The one which held below 75 kip, ((C-4), was repplaced by
,Another anc:hor (G--4A) -

Drilling Fquipment -2Joy Ram Drills -- Model VCR 2--t.C E
2Joy 8-50 Air Compressors - Model RPC(U300

Drtlliirjg Bit - ' -/' -/'", --" and Dia. Plug Bit

Bar Instal latiorns - Groves FMrS 500 LP Crate

Arnchor D-[ywidaq -Gr ade 150C ( I -Vi/-'V di a.

Res ini - eltite -. 1512

TeSt irig - . MP Jcc, S eries 0)4

In-stallation Procedure

Drill required diameter hole, usually 2-1/4 inch diameter, tromn
the top of rock to calculated depth, depending upon hole- 1bc (.it irm
arid angle. After reachincg required depth, c lean hole with -ii .nrd
water, if encountered dur inqi dr il ling; pulL drilli rods andj thet k
hole depth with I inch diameter PVC pipe. if open, proceed to
c~eltite cartridge installation. If hole is not open t(in bottom,
c lean out hole by redr illirig or- remaining the -12inch di tame tp
bit to top of bonding zone; insert 2 inch I.D. PVC pipe to tno nt

.1/4 tinch diameter hole, remove bit from drill rod arid (-Iear hcuit-
to bottom using air thru string o-f o-)pn dr-ill rods. rt this does'
not open the hole, the hole was abandoned, move I fnnt , mcore or
less, redr Iled - The cc It ite cartridge was dJro-pped throiioh rho
open hole, or 2inich diameter PVC pipe if appli cab'le, u1singc me 1
Lin.h diameter PVC pipe ..It v~:ir iou's inter valIs to) v-sur pr tipr
-eatinq of the cartridges. A dywid~ag tar was. c'jt to a, lengtcjh

(P-15)



a-qual1 to the dr illedj hole Tjr-ptn plusmb tech t stlk --lup tr rt itjrio:
purl'poses. - -the ar was I It Vtped by c-rie end tvy the c r aria; pri ter-ed
cover the hoLe a-ridI in-ser ted bly ha-rid qu idar tuit it the firliL with

adate sc ket (-C)Oil fI mve ovep E . I h 'At 1 i i tteri Ye,j I i(d the bar
LS [OLwlIv r!3 Vit triq iri to tre tt tarn af the hole -ird then ;,pibrigc

-~ nar t :pr x ne iiiA RPM talr --)I *,P( irisj,. te to a
Sherr, rePmovedJ tt n the bar ari the Arii £ I mve to the rie:xr ti i: hr, )

I ow at i ri-

TVest trig

A tt E-r t he A-iric honr p L a te h ad ben iri ins tal Ie d a rt the ut orec t.i angqIe, 0C
degrees to) ba:r- ange, arid rio t -et a:ndJ a fter an appro Cpr L ttE ti1Me-
tar resin set fjiiMAT mum at55n -) m., the bar was s-tressetd ()Un the
ncir-a regrit inq trg55 k-ips,, -;tn-ppr)rtq Points fa-r- nut tightenting and

t I on n ri mTe,1 1ir emnr t wer e c) 7, 123 and 155 kips - It a bar
tatL l, ts hrjle Ip was- co n s IdePrePd a s t o w h e t he tvo r e pIa ce I t
w t h anotc fh er anchoarr (-torc --iipp1lemeri t i t with a c bed <pared
nir c h o)r-

(P-16)



Dvfy -4er A/t And Hew~y -'aSy ReA 46~t Anf

A4.,dened t--tfe Wj sie li&ened 5-tee / WO he

~---ROCA 5o/f 3e" Roci 80/f 8ei09

inaefe ~nto rO/- inseptd Into Ho/e

t".~cA go/, NobC 61
(dwd 5

She/I -Anchor Hlead

Assem~bly

yk /r c' 0 "7-o 6"De

'OE-Z~ar\ C.a Aricb*OI GROuTED AwC 1+0o

AS ~sc1N.DAS J S ED

ROCK~ BOLT DETAIL

NO SCALE

STAGE I-D ',E alVN
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_____ ___ ____ ____JACK ~-

*GAUGE N - - --- ___ __ __ __

-- PISTON AREA- -36.5_Sq.In-.--- -

ACTUAL READINGS-

____ ___ ___ ___ ____ ___ ___ ___ ____ ___ ___ -- THEORETICAC

2,000- - /OUTPUT

_____________Certified by. "' pT -

____________Subscribed andSworn to before me- this
______ ____________ ,Lday of 6~-~ - - , in the

year of-~ in and for the State- of--
_________________________ NewJersey., Town of Lincoln Park. -

- ~~! Notary Public- --

T5___ 5- 60- 5- - - - 5 - 5 -- 195-- 210

-- _____ . 7 L/-CALIBRATION OF 110 MP JACK

-____*Caibrated wth-- t I
-- Procequ Dynamometer---------.*.-
-- Serial No. ZO l001321 2.77-_ 7r



DYWIDAG System Details
Prestressing steel - ASTM A 722

, - a! C 
'  s _ rmae 3a ru

3,,ate -cSS e',hmale Maxmum C er AnChor 'ul Hex Niu
T-teao r  n Strength V -P-Cil ThaeadDar
S --e:er rea !..A..) " ,ameierf O ame te! L ng 'l Len l Length e

Si A., - " ne5 o s) ;'ncnesi o ,n a on J a tin.) e i

"_3 43 5 298 750 250 4 50 1 625 200 : 25

301 :25 2000 550 1875 .250 1 75

Z:. 25 5 439 1437 2375 5" 250 3.125 2125

*Sc' '58 237 0 5 56 '562 12 625 8625 2 75 350 2 375

S e - -. ''-m "eaz: a, .7r .s'Cn .n ncrles 'c accorrmocaie orestressing proof oading or couoing. n - '2 C " .'2"
"3ae 2 -.. c ,a .eazzars a,aoane ' soec;ai oroer when ead !,me oerms 

7
'.'" or" couvoer ava-iape or, soe:.al z)Tcer

TNHO U

* -

Co D.... Destress~r. steel may ce orof stressed "o 80.o of the
.... t= ..Z '2tre-i. "U re o-,,s ',ss -'",steel , ac-O:.'-S! = SmOU'c Ot ex'ceec

Reinforcing steel- ASTM A 615 (Grade 60)
e'" -a-- 'eac 'o' s ze =6 :m'u =-'I ac !gnt -ar tread ',r ='4 arc ='8

iommal Cross Maximum coupler Nut-,ealar T'reaaoar Sectcn YieldSSeer:,oh Weight Tnreadoar
.ameter Area Strength Dia. ft ) Ziameter . Zamerer Length W'Cth Lengthes.9 at:ion ,nches) A.-rntnes'I .A.-IoS) inches) d tin c (in) a Iin) a 'in

5 '50 0 .4 264 ' 502 0 812 1 125 3 500 ' 25 300

7 8 350 360 2044 1 00 1 312 3750 250 ' 250

5 000 1 "9 i 47 4 2 670 , 125 500 4 000 1 437 i 375

1. !28 1 00 i 600 3400 1 B7 1687 1 4250 '625 1 6 2
=1,0 1270 27 '62 4303 1437 1875 5000 ' 50 '875

=1 410 6 93 6 52313 ' 562 2 125 6 000 2000 2000

1 - 193 z225 '35 0 7 65 1 875 2687 7500 2 500 3 500

8* 12 257 4 00 2400 13 60 j250 3 500 [ 10000 2 250 4 00
s :"e n,1nimum nracoadr OrOtrus$on iin cmes) to accommoate orestressii g., miol oadirig or couplrg b - ?,2 c 1/2

"TzaDico, and nex nuls = 14 and = 18 eveloo 100% or !he quaralieed u ltmate trength

HEX

0 :E NUT

I I
FEB25 L982

,-e-r -, 3 crs us'g, vvv zac -eliforcing steel may be Droof stressed to 90% of the
::_a'r. -,eecI yielc strength of the reinforcing steel. The final working force varies with the

o:.cat~o' and function of tne anczcrs. (P-21)



D)YCKERHOFr & WICMANN. INC.

-Stressing thre nywidas _Bar tendons _ _ _ _ _ _

Setup if
t 

Eqtuipment VALVE_______

Connect hoses as shown. PE S E LIrI

Remove pla'tic pocket formners, cardboard gasket rings and clean pocket,
nut and tendlon threads.

Meastire projection of bar beyond thre anchor B teta h a xeso
at les 2 /-.eteI hrad3 n h

Screw pullrod Onto the bar until it 1 1/4" 0 hirr inot less than tour full threads).

touches the nut. Unscrew 1/8 turf'. 
- -

Pla-ce lack so that socket w~encis is
so rijiy over ttiel mrclior nut Screw ti .1,od

ruit onto tlia pullrodf behind the lack.

Set counter to zero aiid do not touch it again until the bar is totally stresserd

Counterturns: C.T. SOCKET WRENCHk4C
ii bar: IO.T.=0.511 t SC

114"6 bar- IC.T.=O.667
1?5"io bar: IC.T.=0 7 9' ......

Dr not in any case. itandi bhri the ).ick iliiriirg stressing procedures.

Do 'not useC any extension on ihe ratchet hanridle; otherwise the niechranisir could ire idamsaged. Never pump rasni beyond ninaxiruri-

In case of riininrJ out of stroke of the trrstn. tigjhten anchor nipt, release pressure, rektrn the MAx 2
piston to hilly clocsed positioni Scrcw pultrod further ilowil the bar (if necessary). tighten pultrod

nut andl then continuie stressing Do not reset counter

Wheis ovorstiC55 force init specified counnterturns are reached. record readingrs on tlnrr stressingy records

IAPeP-ise iosiesnr

Note 1,tt ill s~iqtP-isswr- it I., stresS"] neco,(I%

ftvrA.rc irressure, rirarc listin, but (in ion ucecd 1000 lisr gauge pressure

Remnove lactk and puiltrod

h"r~,n In exte-moi.i Hrier stin'rkini and vtorid Coirnr-inr' elmiirqptii~i Wltrnrr liiv~i rnr liAr

etension beforfe Aid afti-r siressingi. .'nth rointerturn, recll~l nur wa snecriril lei 1,if'iii.

(P-22)



DYCKERHOFF & WIOMANN, INC.

OPERATING INSTRUCTIONS

for the 60-Mp Jack, Series 04

Technical Data of the equipment

Area "Tensioning" 20.5 in 2

Area "Return Motion" 9.9 in2

Maximum working pressure sioo psi

Maximum return motion pressure i00 psi

Maximum piston power, making allowance for the friction 160 KiF

Stroke 2 in.

Weight (without pullrod) 80 lbs.

Note: The anchor nut can travel during stressing 2 in. inside the

jack.

Friction loss in the jack at 1400 psi = 18.8%

2800 psi = 10 %

4300 psi = 8.2%

5000 psi = 7.5%

5700 psi = 6.9%

6400 psi = 6.2%

7100 psi = 5.7%

In the range between 3500 and 8000 psi a constant friction loss of

7.7 Kip or 375 psi can be assumed.

NOTE: This friction loss table will be superseded in case a special
calibration charge is provided with the jack.

(P-23)
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3 iSSID BY CODE IA2706B - 6.AWNITMB (if 1er awnu b1C 31, CODEL
Department of the Army BUYFER4/SYt50L
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7 CONRA.CTRo CODE _ FACIUT CODE S
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L _J DATED.&3Al.JT111..2..(SsfbWh II.
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Sice C3The Contractor hs submittedss a u nieeigpooa to reuc th cos of
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The VE proposal for use of three (3) Reinforced Concrete Pipe culverts as alternate for
the lower dike bridge shown on the contract drawings No. 032-Ul-19/1 and 19/S is hereby
approved subject to the following and as directed in the field by the Contracting Officer.

1. Scour protection (grouted riprap) shall be provided on both upstream and downstream
embankment faces for the full width of the over floor area.

2. The 8-inch walls at both ends of the pipes shall b'e placed together with the 6-inch
concrete slab and reinforcing provided for tying the units together.
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Page 2 of 2 Pages

Modification No. P00005
Contract No. DACW59-83-C-0053

3. Wing walls shall be provided at either side of the 8-inch concrete

wall and 6-inch slab to retain the 1 to 2 earth embankment slopes.

4. Footings are to be provided for the wingwalls.

S. High slump concrete cut-off shall be provided between the pipes up to
the spring line. The cut-off shall extend from the downstream headwall
to the point where the pipes are bedded in impervious fill.

All work shall be in accordance with the applicable provisions of the contract
specifications and as directed in the field.

As a result of the change, two (2) new lump sum priced items will be added to the
contract as follows:

Item Unit Amount
No. Description Quantity Unit Price Increase Decrease

Mod(No.
P00005-1) V.E. Cost Saving for 1 Job Sum $ 2,926.2:

Change in Floodway Bridge

Mod(No.
P00005-2) V.E. Incentive Adjustment 1 Job Sum $ 1,609.42

for VE Change in Floodway
Bridge

Totals $ 1,609.42 $ 2,926.2:

Due to the foregoing modification the total contract amount is decreased in the amount
of (-) $1,316.80.

The time for completion of performance under the contract will remain unchanged.

If the foregoing modification is acceptable it is requested that you sign in Block 14,

complete Blocks 15 and 16 of the form, and return the original to this office

(Attention: ORHSU).

.

(Q3



AMENDMENT OF SOLICITATION, 1viODIFICATION OF CONTRACT 7 T1C ID 2OE PG AE

AMENMLNTMODFICAION O.3. EFFECTiVE DATE ~.REQUISITIONPRi-CSE REQ. NO. 5. PROJECT NO. (if appicabie,
P00023 86JUN23 ____

SSuED8BY 7. ADMINISTERED bYfrtie hn Item 6)
D-partment of the ArmyCOiDE - S'~if1B"L CODE _

BUYER/SMO
Ltington District, Corps of Engi neers

J02 8th Street MR PINNICK L .s-
Huntington, West Virginia 25701-2070~u-

PH: 304-529-5688 ________________

NAME AND ADDRESS OF CONTRACTOR iNo.. street. counO., State and ZIP Code) 9.AEDETO OIIAINN
The J.F. Allen Company & Wiley N. Jackson Company A.J.V. 2L)9.MNDETFOICTTON
P.O. Box 49
Clarksburg, West Virginia 26301 98. DATED (SEE ITEM 11)

10A. MODIFICATION OF CONTRACT/ORDER
NO.

1: DACW59-83-C-0053
108. DA 'ED tSEE ITEM 13)

,OE FACILITY CODE 83 July 29
11. THIS ITEM ONLY APPLIES TO AMENDMENTS OF SOLICITATIONS

IThe above numbered solicitation is amended s set forth in Item 14. The hour and date Specifiled for realpt of offers 1: s extended, 1 IS not ex-

er must acknowledge receipt of this amrerment prior to the hour and date specified in the solicitation or as amended, by one of the following methods

3- completing Items 8 arid 15. and returning -copies of the amendment: (b) By acknowledging receipt of this amendment on each copy of me offer
imitted. or (C) By Separate letter or telegram which includes a reference to the solicitation and amendment numbers. FAILURE OF YOUR ACKNOWLEDG-
NT TO BE RECEIVED AT THE PLACE DESIGNATED FOR THE RECEIPT OF OFFERS PRIOR TO THE HOUR AND DATE SPECIFIED MAY RESULT;,EJECTION OF YOUR OFFER. if by virtue of this amendment you desire to change an offer already submitted, such change may be made by telegram or

:er. provided each Telegram or letter makes reference to the solicitation end this amendment, and is received Prior to the opening hour and date specified
ACCOUNTING AND APPROPRIATION DATA (if reuired)

FSN 96461 96X3122 CC, CE MC BE SWJ 04 10B0 0000 0320 284

13. THIS ITEM APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS,
IT MODIFIES THE CONTRACT/ORDER NO. AS DESCRI[BED IN ITEM 14.

A. THIS CHANGE ORDER IS ISSUED PURSUANT TO: (Specify authority) THE CHANGES SET FORTH IN ITEM 14 ARE MADE IN THE CON-
TRACT ORDER NO. IN ITEM 10A.

8 THE AB3OVE NUMBERED CONTRACT/ORDER IS MODIFIED TO REFLECT THE ADMINISTRATIVE CHANGES (such as changes in paving off'ice.
apProoriation date. etc.) SET FORTH IN ITEM 14. PURSUANT TO THE AUTHORITY OF FAR 43.103(b).

C. THIS SUPPLEMENTAL AGREEENT IS ENTERED INTO PURSUANT TO AUTHORITY OF:
X General Provision 3 "Changes"

0. OTHER (Specify. type of ,wodifiwatiacn and authorttv)

IMPORTANT: Contractor D Is not, 3 is required to sioqt this document and return one copies to the issuing offce
DESCRIPTION OF AMENDMENT/IMODIF iCAT ION (Oeveaesd by UCF ection headings, including .olicitehion/eontvuct subjecrt matter wherf titasiblej

Reference is made to General Provision 3, "Changes- of the above numbered contract for
Construction of Dan, Stonewall Jackson Lake, West Fork River, West Virginia.

It has been determined to be necessary and in the best interest of the Government to
modify the above contract in certain particulars as follows:

The Contractor shall furnish all plant, labor, material and equipment necessary to build
a tie-in road from the future dam-turnaround on the left abutment to the existing -H-
oil and gas-access road.

eoit as Provided hereti, if term7s aria conditions of the document relerencma in Item 9A or I A, trifollre changed, remains untrianoed arnd nr .
eff ct.

~NAME AND TITLE OF SIGNER (Type or print) 16A. NAME AND TLE OF CObNTRACTING CFFICEIR (Typt a-.

RO0BERY IL COL, Corps of Engineers

3CONTRACTOR,OFFEROR uS5C DATE SIGNED 168 U *6C' D'.

(Signatunr of pe'uon amitho,iued to sign I I (Signal.rr of Cin p, ige of'ics -

N 7540-01-152,a070 (Q-4) S-ANDARD FORM 30 ,REv. 10 83.
EVIOUS EDITION UNUSABLE 0-9%cr,00 t GSA

FAR (4a CFRIl 3.243
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Contract "-. DACW59-83-C-0053
Mo. fication No. P00023

The tie-in road shall consist of an approximate 550 foot length of 12 foot
vide stone surface and shall include the required excavation and embankment
work, stone surface, two 18-inch CMP culverts with drop inlets, stone paved
gutter, guard rail, and required seeding. Unclassified excavation shall be
performed in accordance with Section 207 of the West Virginia Highway
Specifications, Class 8 Aggregate shall be furnished and applied in accordance
with Section 808 of the West Virginia Highway Specifications, and the Type "G'
Inlets shall be constructed in accordance with Section 605 of the West
Virginia Highway Specifications. Other work shall be performed in accordance
with the applicable contract specifications. All work shall be constructed as
shown on revised Contract Drawing 037d-Ul-0/1.3, 037d-Ul-4/1.1, and 037d-Ul-
12/27 and new Contract Drawing 037d-Ul-12/83 which have been previously
furniahed.

As a result of the foregoing, one new lump sum payment item shall be added to

the contract as follows:

Unit

Item No. Description 2uantity Unit Price Amount

New P00023-1 H" Road Tie-In 1 Job Sum $88,000.00

As a result of the foregoing the Contract Price shall be increased by
$88,000.00.

The contract time shall remain unchanged.

It is understood and agreed that the adjustment provided herein constitutes
compensation in full on behalf of the Contractor, his subcontractors and
suppliers, for all costs and mark-up directly or indirectly attributable to the
change ordered, for all delays and impacts related thereto, and for performance
of the change within the time frame stated.

If the foregoing modification is acceptable, it is requested that you sign in
Block 15B, complete blocks 15A and 15C of the form, and return the original to
this office (ATTN: ORHSU) after the Consent of Surety has been executed by you
and your surety.

(Q-5)



FICONTRACT O AEAMENDMENT OFr SOLICITATION/MODI FICATION OF CONTRACT j =O OE2

2. AM ENOMENTiIMOD)IFPICATioN NOu. 3. EFFECTIVE OATE 4. REQUISITION/PURCrIASE REQ. NO. 7. PROJEC7 NO (1f api,cableo

po0n26 86AUG11
6. COUED BY0 7. ADMINISTERED By (It other then 1tem 6) OD

Department of the Army BUYER/SYMBOL
Huntington District, Corps of Engineers
502 Pth Street MR. PINNICK/0RHSU-C
Huntington, West Virginia 25701-2070

PH- 104-529-5.6RR& I_______ _____________

11. NAME ANO ADDRESS OF CONTRACTOR (No.. arrve. county. State and ZIP Cod& CA.AMENOMENT OF SOLICITATION NO.

The J.F. Allen Company & Wiley N. Jackson Company
P.O. Box 49 11,DTD(E TMII
Clarksburg, West Virginia 26301 9.DTD(E TMII

IDA. MODIFICATION OF CONTRACT,'ORDEA
NO.

105 DATED (SEX ITAM 1)

CODE FACILITY CODE Y-1i 2
11. THIS ITEM ONLY APPLIES TO AMENDMENTS OF SOLICIATfidrrT!'

E. Thabown tom soliciutioai is arnaitd nont forth in lear 14. Thu houir and date specified for receipt of Offera s axundsi is n~fot a

Of lert must aci~I dgs rociipt of this arneewmart prior tw Ihuhour and date ita' isad in teu bolicittionl or a anuvncad, by am of the followingmehd
(a) By completing lamu 8 ai 15. and returnifg -copies of the arnuadmnt; (b) fly acknowladglng reipt of this as as Kh as nc copy of fiu offer
subiitd. or (c) By iOeae let or Wisepami which includt a reference to OWe bouCitetOn and fiamnn numbers. FAILU RE OF YOUR ACKNOWLEDG-
MENT TO BE RECEIVED AT THE PLACE DESIGNATED FOR THE RECEIPT OF OFFERS PRIOR TO THE HOUR AND DATE SPECIF lED MAY RESU LT
IN REJECTION OF YOUR OFFER. if by viflta of this anwliment you desiri to chisn an offer aireedi submistud such dweW mayv be, ode by ~aepe or
letter. Provided inh Weger or lette makaes erence to the aolicisbton and this temninsnt. arWdi retanatd pro lo Eta oflau houw and ca cised.
12. ACCOUNTING AND APPROPRIATION DATA (1Hueesassri)

FSN 96461 96X3122 CG, CE MIC BE SWJ 04 lOBO 0000 0320 284
13. THIS ITEM APPLIES ONLY To MO0DIFICATIONS OF CONTRACTS/ORDERS,

IT MODIFIES THE CONTRACT/ORDER NO. AS DESCRIBED IN ITEM 14.
jtI A. THIS CHANGE ORDER IS ISSED PURSUANT TO& (8pecity asftaiy THE CHANGES SET FORTH IN ITEM 14 ARE MADE INs THE CON-

X "eneral Prov ision 3 "Changes"
B. THE ABOVE NUMUEREDO CONTRACTtOR DE111 IS MODIFIED TO REFLECT THE ADMINISTRATIVE CHANGES (such as chanes MIas, eRte.

sipsi'spriiie dads. ae.) SET FORTH I N ITEM 14. PURESUANT TO THE AUTHORITY OF FAR 43.16345I.

C. THIS SUPPLIESAENTAL AGREIEMIENT IS ENTERED INTO PURSUANT TO AUTHO0RITY WF7

0. OTHER ISI1.* type of esodifimtuea aida asstheiityj

E. IMPORTANT: Contractor [3 i nol, E ai required to sign this documnent nrturn one- cae;u to ttss mung office.
14. DESCRIPTION OF AM11ENOMENTMOOWDICATION (Oesitised ry UcFairtioeu Dwatm. ichsfn a.iiaeiwA'aa~ asiet Uta*W A 1;7whb

Reference is made to General Provision 3, "Changes" of the above numbered contract for

Construction of Dam, Stonewall Jackson Lake, West Fork River, West Virginia.

Contractor shall furnish all plant, labor, materials and equipment necessary to modify
the service road at the right abutment as follows:

a. move the centerline five feet into the right nillside.

b. Construct a 32-foot cribwall to support the roadway and bank.

Exceot as Provided nerein. all terms and condtillons of the document referenced In Itemr IIA or 10A, &I heretofore Cnarived, remains unefianpe and in fut M ofca
and effect,

NAME AND TITLE OF .IGNEP (TYPeC orPrtntj 16A. NAME ANY 4ITLE OF CONTRACTING OFFICER (Type or P"nif

ROBERTA. WILSON, COL, Corps of Engineers
_____________________________Contr c XngO 0ficer

150. CONTAtCTOP/OFFEPOR 15CCAiT SIGNWED' NI 16.U1 T i AMERICA), 16_D7 ESGi

(Sugnature F ofrrean -ift, . ,t 1 Io sign) MSiniature of Fintreci'I oficer)

NSN 7S5i0-01-152-4070 STANDARDOFORM 3OiRIEV 10631
PREVIOUS EDITION UNUSABLE Q-)PIGeSCr~bd bV GSA

FAR 1411 rFRI S1 'a'
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ConLrac No. DACW59-83-C-J )53

M1odificqtion No. Pfl-i(,2-6

c. Install a dron inlet at Station 0+60.

All work shall be accomplished as shown on revised drawings 037d-Ul-12/29.2

and 037d-13l-100/4. The cribwall shall be constructed in accordance with the

attached specification. The drop inlet frame and grating shall be similar and

enual to Alleghenv Foundry Patterns 770 and 771.

As a result of this change, one (I) new lump sum item will be added to the
contract as follows:

Unit

Ttem No. fescription Quantity Unit "rice Amount

New (Mod move Service Road I Job Sum S76,000.00

Pnnn26) Centerline 5 feet

Lump Sum Increase $76,000.00

As a result of this modification the contract price will he increased by the

amount of S76,OflO.0O.

The contract performance time shall remains unchanged.

It is understood and agreed that the adjustment provided herein shall

cnnstitute full and complete compensation on behalf of the Contractor, his

suhcontractDrs and suppliers, for all coqts and mark-up directly or indirec-7v

attribute to the change ordered, for all delays related thereo, and for

Performance of :he work within Lh 1im- frame stated.

If the foreeoing mod;ficatLion is accpptable, it is requested that you sign in
glock 15R, complete blocks 15A and 15C of the form, and return the original :

this office (ATTN: nPHSI!) after the Consent of Surety has been executed by vju
and your surety.

7q-)



AMENDMENT OF SOLICITATION/MODIFICATION OF CONTRACT J I JONRC 1 CG 7AI2TQF2'A

1.%EN0WMENT/MDDIjFICAT ION NO. 3. EFFECTIVE DATE 4. REQUISITION/PURCN:ASE REQ. NO. 5. PROjECT NO (If ap pi~ablj

P 0002 7
~SjDCODE IA2706B 7. ADMINISTERED BY (I other than Ige,, 6) OD

-.ti- 'n District BUYER/SYMBOL CD
iA,.y Corps of Engineers MR. PINNICK/ORHS'

I Eighth Street PH: 304,529-5688'
itington, West Virginia 25701-2070

AME AND ADDRESS OF CONTRACTOR (No.. stree. cauntyr. State and ZLP Code) 9A. AMENDMENT OF SOLICITATION NO.

-J.F. Allen Company and Wiley N. Jackson Comipany
aint Venture

.Box 499.DAE(SXIM1)
.rksburg, WV 26301 _____________

X DACW59-83-C-0053
108. DATED (SEE iTEM 13)

E FACILITY CODE 183 July 29
11. THIS ITEM ONLY APPLIES TO AMENDMENTS OF SOLICITATIONS

The Cbw numbeed soliciion is nit~ - for In 10IM 14. The hour ad date ofife for ,eampt of fws E3 is is* not &X-
ed -

'Must *CknOwledp esortt of this so wndt prior to use howr and deo% a 11ifd in the gojIition or as amended. by one of "i followun methds.
Vcomoletino lamme a en 15. and returnkrv -,p~ n E GO te aendmnt: (b) By scknowlefig *oW~ of tis wondntowst an -ec copy of the offer
meo. ore1c By 'Wamleuror telepant inted ndarefwen tole 'sletution and aim ment numbera. FAILURE OF YOUR ACKNOWLEOG-
T TO BE RECEIVED AT THE PLACE DESIGNATED FOR THE RECEIPT OF OFFERS PRIOR TO THE HOUR AND DATE SPECIFIED MAY RESULT
EJECTION OF YOUR OFFER. if by 'virtue of tis aendednnt you desie to dleng an affuw akad submitted. uch efienge iiwy be ads by whoam or

Pro'vided 60ch UMeepe or letter nokie ~re to O 101iatotta~n UtW Visa lwt. and ie MowiedI pror to tis opening hour and dewo Specified.
CCOUNTING AND APPROPRIATION DATA (It MOQUjrva!)

96461 96X3122 CG,CE MC BE SWJ 04 10BO 0000 0320 284
13. THIS ITEM APPLIES ONLY TO MO0DIFICATIONS OF CONTRACTS/ORDERS,

IT MODIFIES THE CONTRACT/ORDER NO. AS DESCR(8ED IN ITEM 14.
A THIS CHANGE ORDER IS ISSUED0 PURSUANT TOi ispia uthonit THE CHANESEs IIFORTH IN ITEM 14 ARIE MADE IN THE CON.

TRACT ORDER NO. IN ITEM 10A.

11. THE ABOVE N4UMBERED CONT01ACT/OR 1DER IS MODIFIED TO REFLECT THE ADMINISTRATIVE CHANGES (asiA ea cha'EuS 01Meineofic
app, presije. dod. ae) SILT FORTH I N ITEM 14, PURLSUANT TO THE AUTHORITY OF FAR 43.103ibl.

Z.THIS SUPPLEMENTAL AGREEMENT I1 ENT7ERED INTO PURSUANT TO AUTHORITY OF1

;eneral Provisions 3 "Changes"' and General Provisions 56 " alu Enginexring Incentive-
D O THER A parlfy type of..Ugeu mnd eatorlntyi nuru o

PORTANT: Contrator is~ not, IQ isequired to sign this docUnient and return .-- flt Copies to the iiuwfg offw&e
SC RiPION OF AMENDMENT/IU or-PAT ION (OI'imUiad bY UCFBd* QWnaNi~a hed-a.geODieoqeabCIUa&J X&I~t8aaer ue f*4@Jbk.)

rence is made to General Provision 3 'Changes" and General Provision 56 "Value
leering Incentive-Construction" of the above numbered contract for Construction of
Stonewall Jackson Lake, West Fork River, West Virginia.

3posal for revising the Stage II Diversion Scheme has been submitted and approved
rthe Value Engineering Incentive Clause of the contract.

therefore in the best interest of t he Government to modify the contract in certain
~culars as follows:

as provided hreVonf. ll terms~ and conditionse of tlhe document referenfced in Iteml 9A or 10A. as heetofore Vianto . remains unchanged and in full force
Ic I

AmE AND T ITLE OF SIGNER (Type or Prit) 16A. NAME ANED T ITLIE OF CONT-RACTING OFFICER (Type or pnnI

ROBERT D. BROWN III, COL, Corps of Engineers
_________________Contracting Officer

9'/ D. /F E PR 0 AiC. DATE SIGNED' 18. UNITEDST SibSCF ~R I 160 DATE 5 IGNZED

..I IS.80 301- 10 STANDARD FORM 30 (REV. 10683)
:)us EDITION VuNUSAaLE Proscribed by GSA

(Q-8)FAR 14a CFR) 53.243
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Contract No. DACW59-83-C-0053
Modification No. P00027

'Modify the Stage II Diversion scheme by excavating a diversion channel along

the base of the right abutment and diverting flow through partially completed

Monolith No. 4. Concrete for Monolith No. 4 shall be placed to elevation
1012.5. The Stage I upstream coffer dike shall be extended to tie into the

left abutment and plug the Stage I diversion channel. All Stage II steel
sheet pile cofferdam cells shall be eliminated. Prior to Stage II diversion,

Monolith No's I through 9 except Monolith No. 4 shall be constructed to a

minimum elevation of 1060, including all gates, embedded items, and related

appurtenances. The stilling basin shall be complete, ready to accept flow."

All work shall be accomplished in accordance with applicable contract

documents, the approved Value Engineering proposal, and as directed by the

Contracting Officer.

Credit for New Item (New Mod P00027-I) Diversion Scheme" "V.E. Revised Stage

II" shall provide for all cost reductions resulting from the revised Stage II

Diversion Scheme. The adjustment along with payment under Bid Item No. 4,

"Cofferdams and Diversion and Care of Water" which shall include payment for

the common and rock excavation and presplitting work associated with diversion

work and cofferdam removal, shall constitute full and complete payment for all
work outlined under contract Section 2C "Cofferdams and Diversion and Care of

Water". "V.E. Incentive Adjustment of Item (New Mod P00027-i)" shall provide

the Contractor's share of savings in accordance with the Value Engineering

Clauses of the contract.

As a result of the change, two (2) new unit priced items will be added to the

contract as follows:

Estimated Estimated Amount

Item No. Description Quantity Unit Increase Decrease

(New Mod V.E. Revised Stage II

700027-1) Diversion Scheme 1 Job $45,000.00

(New Mod V.E. Incentive Adjust-
PO0027-2) ment of Item (New Mod

P00027-1) Job $24,750.00

Net Decrease $20,250.00

The total contract amount is decreased in the amoune of $20,250.00.

The contract performance time shall remain unchanged.

If the foregoing modification is acceptable, it is requested that you sign in

Mlock 15B, complete blocks 15A and 15C of the form, and return the original to
this office (ATTN: ORHSU).

(Q-9)



CONTRACI MIODIFICATION PROPOSAL AND ACCEPTA,..:E
(Modification of less than $50,000)

For use of this form, sa ER 1180-1-1.

1. ISSUING OFFICE 2.
u.S. Army Engineer District, Huntington cir-8 °'C-0053
Stoncaall Jackson Lake Project

I TC (¢ rCo. & Wiley N. Jackson, AJV S. PrTo WNoQaeis lPtackson Dam,
P.O. Fox 4Q West Fork River, West Virginia
rlarksbur., WV 26301

A 4 proposa is requested for making the hereinafter described change in accordance with specification and drawing revisions cited herein or listed
ki eatnmet here toa Submit your proposal In space Indicated on page 2 artach detailed breakdown of prime and subcontract cosU. (Sea the
de of this contract entitle"d "Modification Proposals . Price Breakdown") DO NOT start work under this proposed change £amrQ you receive a
copy signed by the Contructfn Officer or a directiv to proceed.

RONALD C. HARRIS
Resident Contracting Officer

Date Typed Name and. Tide Signature
7. DESCRIPTION OF CHANGE: Pursuant to the clause of this contract entited, "Oanr", the contractor shag Jiinlsh all plant. labor and
muisiA and perform a work necessary to accomplish the foUwig described work:

1. Survey and locate the trash boom anchorage sites at N 729,230 E 2,149, 270 and at
N 729,680 E2,148,620.

2. Provide all necessary equipment, labor and materials to construct access to the
trash boom anchorage sites and perform foundation samplings as outlined below:

a. N 729,230 F2,149,270: 20 foot depth with split-spoon sampling to rock.

b. N 729,690 E2,148,620: 30 foot depth with only coring required.

3. All work shall be accomplished in accordance with the applicable contract
provisions and as directed by the Resident Engineer.

4. The above modification will result in the addition of two new items of work to the
contract for which payment will be made at the agreed lump sum prices hereby estab-

lished as follows:

Escapees hereby Modifled. aU terms and condition, of Sid contract as heretofore Modified remain uncharged and in ful! force--nd-effec t .

The foregoing modification is haaby acpe: UNITED STA TES OF AMERICA ,
CONTRNACTOR/

RbNALD C. HARRIS
P, L tk-,t,4 sdent Con t r ct

r AztA z 1191 LOU HUTCHERSON/Pro. Mqr. 02 MAR 1987
Date ' Typed Name and Title Dwe Typed Name and ntle

ENG FORM 3938, Jul 81 EDITION OF JUN 77 IS OBSOLETE. PAGE I OF 2 PAGES
(Q-I0)



Page 2 of 2
Contract No. DACW59-83-C-0053
Modification No. P00033

Item Description Quantity Unit Unit Price Amount

p00033-I Trash Boom Anchor 1 Job Sum $ 910.48

Layout

P00033-2 Trash Boom Core 1 Job Sum $10,199.16
Samplings and Access

Road

NET INCREASE SII,109.64

5. The total contract price is increased in the amount of $11,109.64.

6. The contract time shall be unchanged.

q. This adjustment constitutes compensation in full on behalf of the Contractor and

its subcontractors and suppliers, for all costs and markups directly or indirectly

attributable to the change ordered herein, including impact, for all unchanged work,

for all delays related thereto, and for performance of the change within the timeframe

stated.

(Q-il)



CONTRACT MODIFICATION PROPOSAL AND ACCEPTANCE
(Modification of less than $.3.0001

For use of this form. w ER 1180-1-1.

1. ISSUING O FICE 2. CONTRACT NO. .
U.S. Army Engineer District, Huntington DACW59-83-C-0053 46 J6I AT N

Stonewall Jackson Lake Project

4. TO (Controctor) 5. PROJECT LOCATION AND DESCRIPTION

J.F. Allen Co. & Wiley N. Jackson, AJV Construction of Stonewall Jackson Dam,

P.O. Pox 49 West Fork River, West Virginia

Clarksburg, WV 26301

& A propoal Is requested for making the hereinafter described charge in accordance with specification and draw(ng revisions cited herein or iLrted
bs attachment hereto. Submit your proposal In space indicated on pMe Z attach detailed breakdown of prime and subconact wM (See the
daun of this contract agtlted "Modification Proposa. .Price Breakdown") DO NOT start work under this propoied change until you receive a
copy signed by the Contracting Officer or a directive to proceed.

RONALD C. HARRIS
Resident Contracting Officer

Date Typed Net and Titde signatsw

7. DESCRIPTION OF CHANGE: Pursunt to the claus of this contract catided, "Changes", athe contractor shalf fUnth af pl=4a labor and
nmstws4 and perform &# work aney to aecompUM ile folovng des1dbed wo rL

1. Construct access to the "H" road site and perform core drilling and split-tube

sampling of soil and rock conditions along the proposed '"" road alignment. The
drilling and sampling will be done at the nine (9) locations shown on the previously

provided boring plan titled "H Road Tie-In," and in accordance with the Resident

Engineer's guidance.

2. Change the one-inch spacer blocks to one-half-inch spacer blocks on the water
quality control gates, and weld shut the drain holes on the same gates. These items
are indicated on Contract Drawing No. 037d-UI-62/7 and specifically indicated by the
Resident Engineer in the field.

3. Completely seal eight (8) drain holes with concrete on the roadway parapet wall

(upstream side) above the quality control tower steps and electrical switch equipment.

The holes will be specifically indicated by the Resident Engineer.

4. Survey and monitor the alignment and reference monuments above the access road on
the left abutment of the dam. Monument locations and frequency of the monitoring to

be per the Resident Engineer's guidance in the field.

5. Replace the two (2) doors to the Water Ouality Control Tower Hydraulic Pump Room

with two T63815 47-1/2- x 47-I/2" x 1-1/2" aluminum louvered doors, or suitable
equivalent, and eight aluminum covers for the soil and sanitary sewer lines located in
the stairways of the control tower. All items to be installed per the Resident

Engineer's guidance.

6. Construct a sample block of Ready-mix concrete 48" x 48" x 48_".-Al1 work will be

in accordance with the Resident Engineer's guidance.

Eepte hereby Modified, all Aim u and conditions pflid con racr .s hererofore Modified remin unc -d a ba"in fu force and iffect.

The for"Oen modiIi.tion Is hereby aceted: ,NITRED STA TES OFAMERICA,
CONTRACTOR .- - oo',,

AA t -;LA. r. xt....t"e4 e

Signature Signature
RONALD C. HARRIS

" 7 LOU HUTCHERSON/Proj. Mgr. Resident Contractlni Officer
De Typed Name and Tile o - / Typed Name and Title

ENG FORM 3938, Jul 81 EDITION OF JUN 77 1S OBSOLETE. PAGE I Of 2 PAGES(Q-12)
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Contract No. DACW59-83-C-0053

Modification No. P00036

7. Remove and replace the bearing plates on the bottom of the water quality control
gates to ensure proper compression of the seals on the gates. Work to be done in
accordance with the Resident Engineer's guidance.

8. All work shall be accomplished in accordance with applicable contract provisions
and as directed by the Resident Engineer.

9. The above modification will result in the addition of seven new items of work to
the contract for which payment will be made at the agreed lump sum prices hereby
established as indicated below:

Item Description 0uantity Unit Unit Price Amount

P00036-I 2-Inch Core Holes 1 Job Sum $9,773.08

P00036-2 Spacer Blocks & Drain 1 Job Sum 1,132.71
Holes

P00036-3 Parapet Wall Drain Holes 1 Job Sum 527.25

P00036-4 Monitoring Slip 1 Job Sum 728.23

P00036-5 Pump Room Doors in WOCT I Job Sum 791.80

P00036-6 Sample Concrete Block 1 Job Sum 1,714.38
Form

P00036-7 Bearing Plates on WOCT 1 Job Sum 481.33

NET INCREASE $15,148.78

10. The total contract price is increased in the amount of $15,148.78.

11. The contract completion date remains unchanged.

12. This adjustment constitutes compensation in full on behalf of the Contractor and
its subcontractors and suppliers, for all costs and markups directly or indirectly
attributable to the change ordered including impact, for all delays related thereto,
and for performance of the change within the time frame stated.

(Q-13)



CONTRACT MOODFICATION PROPOSAL AND ACCEPTANCE
(Modification of less than S50,000)
For use of this form, s" ER 1180.1-1.

1. ISSUING OFFICE 2. CONTRACT NO. 3. MODIFICATION NO

US Army Engineer District, Huntington
St-aiewall Jackson Lake Project DACW59-83-C-0053 P00048

4. TO (Conrractor/ 5. PROJECT LOCATION AND DESCRIPTION

J.F. Allen Co. & Wiley $. Jackson, AJV Construction of Stonewall Jackson Dam
P.O. Box 49 West Fork River, West Virginia
Clarksburg, West Virginia 26301

6. A proposal is requested for making the hereinafter decrfbed change In accordance with specification and drawing revision cited herein or isted
in attachment hercro. Submit your proposa in space Indicated "on page 2, attach detailed brea kdown of printe and subcon mact costs. (See the
daMNe of thi contract entitle "Modifica ion Proposals - Price Breakdown") DO NOT start i.rkL under this proposed change mini you receive a
copy signed bythe Contracting Officer or a direcrive to proceed. 02-21-87

RONALD C. HARRIS
02-11-87 Resident Contracting Officer /

Date Typed Name and Title signanure

7. OESCRIPTiOQN OF CHANGE: PIurujanr to the d of this conruct enfided. "Chang;es' the contractor shal )urnish l plant labor and
,narertiA and perform afi mrk necesary to accomplish the folloving decribed work:
1. Extend the 62 foundation drain holes piping 6 inches into the gutter. This shall

be accomplished by adding a 4" diameter X 6" long nipple. Where the existing couplings
are too close the gutter floor (holes 11, 12, 17 and 18) a 4"x1 " reducer and a 1 "
diameter X 6" long nipple shall be used.

2. All pipe and fittings shall be galvanized and nipples shall be threaded on both
ends.

3. All work shall be accomplished in accordance with applicable contract requirements
and as directed by the Resident Engineer.

4. As a result of the above modification one new item of work is added to the contract
for which payment will be made at the lump sum price hereby established as indicated
below:

ITEM DESCRIPTION QUANTITY UNIT UNIT PRICE AMOUNT

P00048-I Foundation Drain Holes 1 Job SUM $1,986.68
Extensions

5. The total contract is increased in the lump sum amount of $1,986.68

6. The contract time remains unchanged.

7. This adjustment constitutes compensation in full on behalf of the contractor and
its subcontractors and suppliers for all costs and markups directly or indirectly

Cont'd on Pg. 2
Except as hereby Modifed, all terms and condltioru of said contract its heretoforf Modified remain uncharWed and in full force and effect

T ohe foreoIng modification Is hew :y cc td: UNITEDSTATESOFAMERICA

CONTRACTOR

LOU UTCHERSON RONALD C. HARRIS

PROJECT MANAGER 03-31-87 Resident Contracting Officer
Date Typed Name and Title Date , Typed Name and Title

ENG FORM 3938, Jul 81 EDITION OF JUN 77 IS OaSOLETE. PAGE I OF 2 PAGES

"'rU S GOVERNIMPNTPIRIN)T q
4
1. OtICE 1962 313-458

(Q-14)



Contract No. DACW59-83-C-0053
Modification No. P00048
Stonewall Jackson Lake Project

Pg. 2

attributable to the change ordered herein, for all unchanged work, for all delays
related thereto and for performance of the changes within the time frame stated.

8. Applicable Accounting Classification: MC BE SWJ 04 10BO 0000 0320 284
FSN 96461.

(Q-15)
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!i /  Mr. Clnd)c.n '.' ! A3Y:

.cpte.ob2r ,2, 1963

Cont Lruc.Lion Divi-bioa
Contract AdutiniaLration Bramch

SUB.JECT: Notice of Award of Construction Contract

OFCCV-ESA-Phil adelphia
U. S. Department of Labor
G.2cuvay Building - Rootu 15430
3535 !iarket .Street

Philadelphia, PA 19104

Centleren

Following information is furnished relative to award of cunarructlon
contract;

Name, addroas, and tftlephoue nutabur of contractor:

J. F. Allen Company and WLluy U. Jackson Company
P. 0. box 49
ClarkzburG, WV 26301

Smployers Identification No.; 54-0716814 & 550-328627

Dollar amuuut of contract; $15,985,063.75

"Li.-tod starting and completiorn datoe: 15 Septembur 19S3 throurh
15 Sepcerber 1987

Contract No. DACU59-63-C-0053 for Construction of Dan, Stone-mall Jackuon
LaLe, West Fork River.

3incarely,

ALTIZER CD-i

DAVI J. DZED DEEDS CD
Lhicf, Construcciun Dividion

Copcs furnishcd:•
J. F. Allen Company 6 Wiloy G. Jackoun Coripnny
1'. 0. boz .9 OrIUCD-A, wd

ClarkuburE, WV 26JUj ORllCD-A(Gladden), wd
V/ORIICD-.SWJ, wd

!.SA/OFCCP/P/ttiburgh Area Office Onj1CD-L, wd
i:ou! 1626-S, Fedural Building

lu'J lab.:rty Avauv

i1Lburh, PA 15222

(R-3)
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Wiley N. Jackson Co.
August 18, 1983

Mr. William F. Woodburn
Resident Engineer
U. S. Army Corps of Engineers
P. 0. Box 608
Weston, West Virginia 26452

Re: Procedure for Rock Bolt Test Program
in the Diversion Channel Area
DACW59-83-C-0053
Stonewall Jackson Lake Dam

Dear Sir:

The following procedures will be implemented in the testing and installation
of the initial ten permanent rock bolts:

1) Select two of the three areas for the test program. Choices will
dictate rock bolt pattern and angle of repose.

2) Drill approximate three inch diameter hole with Joy Ram drill (model
VCR260E) and Joy 850 cfm Air Compressor (model RPQ800). This hole
will terminate just above the top of resin anchor region. The three
inch diameter hole is necessary to accomodate bar coupling which
allows for recovery of non-anchored portion of bar as required.

3) Analyze rock conditions during drilling for determination of depth
and resin cartridge requirements. It is anticipated that four to
six cartridges will be required.

4) Drill approximate two inch diameter hole, starting at bottom of
the three inch hole, to form resin anchor area. Length may vary
from five to ten feet as rock conditions dictate.

5) Place 2" diameter P.V.C. conduit into drilled hole for alignment
and positive placement of resin cartridges.

6) Place Celtite resin cartridges (quantity as determined by field
conditions).

$ 7) Remove 2" diameter P.V.C. conduit.

8) Place 1 3/8" diameter, grade 150 Dywidag bar. During placement,
spin bar at approximate 100 RPM, piercing resin cartridges and
mixing resin components.

(R-4)
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Page Two

Mr. William F. Woodburn

Resident Engineer

August 18, 1983

9) Allow resin to set (approximately two minutes).

10) Place 8" x 8" x 1" bearing plate, bearing & wedge washers, anchor

nut and 110 ton double acting hydraulic ram over exposed bar at

rock surface. Ram will be supplied by Dywidag with a direct

reading gage.

11) Tension bolt to 155,000 pounds and lock in tension.

We trust the above procedures are acceptable and in accordance with the

4 specifications.

Yours very truly,

WILEYLN. JACKSON COMPANY

" "7/ /

' Andrew M. Clark
Engineer

AMC:ig
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J.F. ALLEN COMPANY AND

WILEY N. JACKSON COMPANY, JOINT VENTURE
P.O. DRAWER 747

WESTON, WV 26452

Septebmer 23, 1983

Mr. William F. Woodburn
Resident Engineer
U. S. Army Corps of Engineers
P. 0. Box 608
Weston, WV 26452

ATTENTION: Mr. William F. Woodburn

RE: Procedure for Rock Bolt Instal-
lation in the Diversion Channel
Stonewall Jackson Lake Dam
DACW59-83-C-0053

Gentlemen:

Pursuant to specification 2N-3, we respectfully submit for your
review the following information for installing the Rock Bolts adja-
cent to the Diversion Channel.

The Dywidag Rock Bolt System proved to be equal to or better
from our field testing results.

PROCEDURE:

Our basic procedure consisted of 2 (two) Joy Ram Drills (Model JCR
260E) supplied by 2 (two) Joy 850 CFM Air Compressors (Model RPQ8O
0). Drilling 3J" 0 holes approximately 16'-0" from design tip ele-
vations. We continued drilling a 2J" 0 hole the remaining 16'-0"
feet. The hole is cleaned, washed and air jetted and checked for
obstruction with a 1" 0 PVC conduit to full depth. A 2" 0 PVC con-
duit is lowered into the hole to the depth of the 3y" 0 hole for the
purpose of sleeving the hole to prevent falling soiland rock debris
and to enhance the dropping of the Celtite Resin Cartridges (No. 451.
M90 1 3/4" 0 x 12" long). Once the 2" PVC casing is in place again
the hole is checked with the 1" 0 PVC conduit to full depth. -Upon
removing the I" check rod, one Resin cartridge is dropped in. The
hole is checked with the 1" 0 rod again to make sure the cartridge
has dropped the full depth. -This checking procedure is followed aftt
the first, second, sixth, twelfth and sixteenth cartridge. ,

At this time the 2" 0 Conduit casing is removed and the 60'-0" Dy-
widag Bar is swung and lowered into place with a crane. As the bar
starts to penetrate the Resin Cartridges, the drill which has re-
tained its original position connects with the bar through an adap-
ter and the drill starts to spin the bar until the bar reaches max-
imum depth. The bar continues to be spun for an additional 35 sec-
onds. *A rag is stuffed around the bar and the drill is released.
The bar is not disturbed until the following day. Prior to testing,
a pavement -breaker is used to level the rock around the bar for the

(R-6)



8" x e" x 1" bearing plate. Before testing The bearing and wedge

washers, anchor nut and 110 tone Double Action Hydraulic Ram is

placed over the exposed bar at rock surface. Ram Jack is supplied
by Dywidag with a Direct Reading Guage. Bolt is stressed to

155,000 pounds and locked in tension.

Also, we are enclosing data on Bolt Layout and Bolt elevations

Celtite and Sywidag Literature and information on a field soil test

bore.

We trust the procedures are acceptable and in accordance with

the specification.

Yours truly,

Lou Hutcherson
Project Manager

LH/sh
cc:file
Enc: 3

(R-7)



tevftl Jdcksofl LAke Dtmu, T4virstoo

0F C--G Chamel Pct-k An&.ors

TSM]: Chi.f,'EngrX Div OEPED-G 32 Septcrcber 19R3
'Ir. ?.rown/fl/M946

TO: Enlneerin" Files

1. On 14 .Septerber 1963 a tterting vas Veel in the Pittsburh Distrlct Offlce to

discuss the testing and installatloo of rock anchors in the Stn ¢ I diverqlon

channel ares of t[he subJect project. The Purpose of Lhe neetIn. .as to review

the details and procedures of the Contractor's revised rock anchor ayste".

Revisions uere vecssltated by tbe- failure of the 1nited nuwber of resi
grouted and echanical anchors whiich bad been tested at that time on the rroject.
Present, at the oettng were W. oodburu, ftsideut Engieer on the Stonewll -
project; E. Carms (OJlCD-L); and_ C. Coletti, H. Fausold, S. ton, J. Brow of-
the Pittsburgh- Districte A ,

2. Xr. lo.'burn aoened the metiu by Aascribiui the curret statuo of the
rockbaloti operatlon on the prolect. "he Contractor h-s hezun to placa rzctn

gr ted anchors at the r.duced spacinq rad loadirg proposed in his submittal of
2 Septcmber 1Q3. The Contractor 1hAA installed 16 anchors vthch were loadsd to

at least 75 kis. Two of these anchors failed to bold the load. Due to

reported poor rock and cavin In the' stresslnq zone,, the Contractor kod drille
a total of 30 holes bat could onlv uronarly intal.1 anchors in 16. .ond lenths
varied between 9 and I& feet. , Variets. coiblnat lons of bole diameters bete

two and three inche "were tried. -A saxaary prevared by IV. "Joodbun is -..
artacAd. There bad been some difficulty in gec ing the cortridges dou the
hole, The Cotractor be evloed a system of 'VC "d eopper tuibne for loading
the cartridges which he will test. In addition be has ordered nuock-setting
caltIte. rmot -wkicb Is to be used a a seat for the anebor plate. - "'* -

3. 's br. 'letti tha -'noted the lack of proper procedure followedl S "bavrlng th
anchor type from mechanical to resin-qrouted sad chagng the ,caug and'

loading without tompleti g the specifled test section. The Cetractore' jrop-oasl
of' 3 Aust 1933 to-te resalm r.noted aethers instead of -echanical anchors wa
subvitted prior to any testing. In addition, as noted in the District's reply,

the wroposal vas conceptual La suture and lacked suffieleet detail. "'he -T

Contraetor should biave rmwpleted-a fall test sectloo usait the mechaucal c a
ancbors before proposing am alternate system.* - ..... -T.

. ., -- .. : '. .. ' -1. • : ",: !-. t

4. ' Discussion then ensued on the inadequacy of the testing procedure wbich had
been followed for both the mchauical and resin-groutod anchors. It Is the

opinion of the Pittsburgh District that neither ovstem uas adequately tested.
Several points vere raised:,

(R-8)



OiKPED-C 23 Septenlber 1963)

5VBJFZCTr Stonewall Jackson Lake Dam. 2Divergion CbAnnel Rock Ane1,ors

a. The specifications5 c1ll for at least ten an~chors to be iustalled and
tetdIn the prese~nce of the ranurfeturer's representative, whereas iin fact

only two mechanical anchor installations were tested;

b. Greater 12ond lengths should have beenz tried with the resin-g~routed
anchors in an atteipt to Attain the speciffed 155 UlP loading?

-z c. As noted in further correspondence from the Viflianes Conpauy. greater

to-rquing of the anchor bead should have been used and such alternatives as
double cone installatloa tried;

d. In the case of tests for both types of anchors,* it appears that the

drill bales were not adequately cleaned.

S. Hr. Voodburs agr"Ad that some of theae altnatives night =nable the anchorlt

to hold a greater load. ge pointed out, bovever, that bringing in the equipent
and supplles far additional tests would delay the project and the Contractor

xight not be able to get the diversion channel and Stitge I cofferdam cospleted
by winter 3s schisduled. To this case,' the Contractor vight fIle a claim which
would cost more than the additional cost of the anchor scheoue nov being

6. It was agreed that the Williams' mechanical anchors would so las~ar be con-

sidered sine work bad alresay berms using the grouted auchors. Sine som of
the machere that are already Installed have bond lengths of 13 to 14 fet It

was reqost,94 that Mr, Woodburn have these anchors stressed to loads greater
tbmn 75 kips. These amebore would serve as a test section. Be was cautioned
that the loading abmld be Lucremtal and should be Incre~ased carefully in
small Increments. At the first inAlcatloo of Izcipient failure the lsea
sbould be reduced. VAanlts nf these tests may toxicsate that the acboru carn

maintain a lead greater than 75 kIps wit% a longer hand length. Wr. Vosdbvra
stated he would ran tbee tests hat doubted the loading could be increased bY
much since additional loading would increase the percent.a of anchors ukicb
failed to maintain the design load. He felt that the additional tim a"
drilling to replace the. additLional failed anelsors 'at's a bgber design loai unmld

offset the advantages of the greater spacing between bolts.

7e As noted above. the Contractor** origiaal proposal lacked sufficient detal.e

It was requested that Mr. Doodburn have that Contractor, with guidance from the
Ceits representative. submit a detailed description of the procedures and

equipment he will be using. This should include the drill bole size that 19
determined to be most effective, procedures f or loading cartridges In the holes,

number and size of cartridges, miing rate, settinig time, etc,

2

(R-9)



OT2D-G9 Sc t ter 19R3
SUbJE.CTS Stonewall Jacktion Lake Dim, t-ivernion CX nnel 2rtck ,ncl. ors

8. ft 23 September 1983 a fIeld insp-ectLic vu s de by Messrs. Long and John,
O. E. -C, to ohaerre the installation of the rock anchors accordiux to the above
spacins[ and loading instruccion. The Installatlon w s proceeding scor.hly with
only 20 rock anebors remalaing to be insta~led. Stressing of the anchors was
not being do*e at the time. but w eere informed that approximately 851 of the
Z ne I and 2 anchors were able to be loaded to 155 kips. ZoA=e 3 vas cewplate
vith all anchors drilled at the close spacIng and loaded to 75 kips. Zones 2
ao I were being comaleted aecording to th speciuaX and loading required by the
specifications. Details of the inspection will he fortheioala In a Me" to

~A~t~D . • 1

Fil~,era ,.~r a a !-'°:: " "- -iq'~7~~ " ." '.- .... ... ",- " .- : ,

*- *--.. . :, . : - -. -- -",: . . . ..- .A -

- r- CRz- 10) - . . . C -. --
t -. -. "

e. ~ ~ ~ ~ .R 10) -I .- .



DISOSITION FORM
RREkENCE OR OF'CE SYMgOl SuBJECT

ORPED-G Stonewall Jackson Dam, DAC-59-33-C-0053, Preparation
of Monolith Foundations

RXTRU: OPED C FROM ORPED-G DATE 9 Mar 84 CmT I

ORHCD-L Mr. Fausold/rts/4123

TO: Ch, Huntington Constr Div

1. Reference: telephone conversation, Woodburn (ORHCD-SQJ) and Fausold (ORPED-G),
2 March 1984.

2. Mr. Woodburn requested consideration be given to modifying the requirements of
specifications Section 2N, paragraph 4.3, which require that a layer of rock be left
in place above final monolith grade until the Contractor is prepared to make final
cleanup immediately before placing concrete. He stated that the removal of this rock
from the deep pits which some of the monolith foundation elevations require would be a
considerable problem. He proposed that a final cleanup be accomplished immediately
following rough excavation, after which the base of the excavation would be covered by
a polyvinyl membrane, which in turn would be covered by 6-10 inches of sand. This
covering would be removed when concrete placement was about to commence.

3. The Pittsburgh District has no objection to this proposed change, provided mono-
lith excavation to final grade is completed in sequence from the lower elevations to
the higher. The foundation rock observed to date from the confirmatory core borings
(about one half of those required) indicates that the foundation will not be subject
to rapid weathering, and the proposed protection should be adequate. The Contractor
should be required to submit his proposal in writing, stating the type and thickness
of the membrane, the thickness of the sand blanket, and the proposed method of sand
removal. Be should also state his understanding that he is not thereby relieved from
the provisions of specification Section 3D, paragraph 11.6, regarding air-water jet
cleaning immediately prior to concrete placement and 24-hour saturation of the rock
surface. The Contractor should also specifically waive the right to claim for any
additional cleanup required by such weathering action which may occur.

4. The basic approval and the associated comments of paragraph 3 have been discussed
with Mr. Canning, ORDED-G, and have his concurrence.

FAUSOLD

(R-11)
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J.F. ALLEN COMPANY AND

WILEY N. JA(CKSON COMPANY, JOINT VENTURE
P.O. DRAWER 747

WESTON. WV 26452

1304) 269-5550

04 January 1984

Army Corps of Engineers
P. 0. Box 608
Weston, W 26452

ATTENTION: William F. Woodburn
Resident Engineer

RE: Stonewall Jackson Lake Dam
DACW59-83-C-0053
PROPOSED MONOLITH DRILLING
AND BLASTING SCHEDULE

Gentlemen:

Pursuant to the contract specification and drawings we respectfully submit
for your review the following drilling and blasting plan for Monoliths 1 - 9.
Phase I - Monoliths 1 - 9.

SPECIFICATICN SECTION 2D - PARAGRAPH 5.1 - 8

PARAGRAPH 5.1 - Explosives will be stored, handled and used in accordance *ith
the best practice vith approval from the Resident Engineer and in accordance
with Federal, State and Local Laws and regulations. We will comply with all
special rules and regulations by the authorities having jurisdiction, or by
the Resident Engineer regarding construction of and storage in magazines, prv-
cautions on blasting work and the like. We assume responsibility of all op-
erations within our control. Our blasting foremen has over five (5) years
experience in control blasting and he is responsible for the blasting plan,
supervising of drilling, loading and safety.

PARAGRAPH 5.1.1 - Explosives will be stored in suitable magazines in an app-
roved location: Detonators will be kept in a separate magazine. The magazine
will be plainly marked with large letters - EXPLOSIVES - DANGERDUS - and will
be locked at all times. Keys to unlock the magazine will be kept only by our
drilling and blasting foreman, William Young. Each magazine will have around
it a cleared area suitable barricaded.

PARAGRAPH 5.1.2 - Our magazine keeper is copetent, trustworthy, sober, and
familiar with the handling, care and storage of explosives and detonators
and he will be responsible for maintaining the cleared area around the magz-
zines. Mr. Young's primary duties are to assure the entire blasting opera-
tions are conducted in an absolute safe manner and the explosives and detona-
tors are kept in magazines and the magazines secured.

PARAGRAPH 5.1.3 - Accurate daily records will be kept by Mr. Young and he

(R-12)



DRILLING AND BLASTING SCHEDULE
PAGE 2 

"

will keep records for each piece of explosive, detonator, and equipment fron
the time of delivery to the magazine until its discharge in use. No explo-
sives will be stored or used until it has been plainly labeled for identifi-

cation and accepted as new stock in sound condition. Containers for explo-
sives will be approved by the Resident Engineer in advance of operations.
Drilling and blastingwill be done at such times and under such restrictions
and conditions as the Resident Engineer will approve.

PARAGRAPH 5.1.4 - We respectfully submit this drilling and blasting plan and
it is to include all rock excavation for monoliths one through nine. Enclos-
ed will be drawings indicating the pertinent data on the location, depth,
and area of the blast; diameter, spacing, depth, over depth, pattern and in-
clination of blast holes; the type, strength, amount, distribution and pow-
der factor for the explosives used per hole and per blast, the sequence and
pattern of delays; and description and purpose of special methods, to con-
trol dust the air driven track drills are equipped with vacuum type dust
collectors. No drilling will take place until the blasting plan has been
approved. All blast holes will be checked for spacing and depth prior to
loading. All loading and blasting will be done in the presence of the Resi-
dent Engineer or his representative. Blast holes other than holes used for
presplitting and linedrilling will not be drilled to depths greater than
three feet above final grade. Drilling of blast holes to full depth plus
eight inches may be incorporated in our blasting operations wher- the depth
is three feet or less and its understood the bottom foot of the hole is
padded with sand. Also, its understood acceptance by the Resident Engineer
of blasting data will not relieve us as the contractor of our responsibility
to produce satisfactory results as set forth in the specifications. We
understand no deviations from the approved plan will be permitted without
prior written approval of the Resident Engineer. Drilling and blasting will
be done only to the depth, amount and at such locations, with explosives of
such quantity, distribution and density that will not produce unsafe or dam-
aged rock surfaces or danaged rock beyond the prescribed excavation limits.
It's understood the rock to be excavated has vertical and lateral variations
in hardness and texture and contains open and filled seams and joints. As
excavation operations progress, the drilling and blasting procedures will be
determined by satisfactory results achieved. When drilling and blasting pro-
gram results in damages to the excavation, we the contractor will devise
and implement methods wiich will prevent further damage. No blasting will be
done within 200 feet of concrete or grout which has been in place less than
seven days, nor within 50 feet of any concrete or grout that is older than
seven days, except for monolith No. 10 excavation or as authorized in writing
by the Resident Engineer. Blasting will be conducted in accordance with app-
licable provisions of the Department of the Army, Corps of Engineers' Hand-
book "SAFETY AND HEALTH REQUIREMM MANUAL" Em 385-1-1, April 1981.

PARAGRAPH 5.2 - Blast Vibration monitoring

PARAGRAPH 5.2.1 - Vibration monitoring of all blasts will be recorded. The
blasts will be monitored to insure that peak particle velocity, measured at
the nearest permanent concrete struicture to the blast, will not exceed 5
inches per second, except in monolith No. 10 excavation, % ere the peak par-
ticle velocity will not exceed 2 inches per second.
PARAGRAPH 5.2.2 - In addition to contract specification we respectfully submit
additional blast vibration literature information which will be enclosed.

(R-13)



DRIlLING AND BLASTING SCHDULE
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PARAGRAPH 5.2.3 - Seismic Specialist. We the contractor do have a specialist
qualified in vibration control methods and capable of analyzing results ob-
tained from seismograph readings. A minimum of 30 days prior to comencement
of drilling and blasting operations, we the contractor will provide the Resi-
dent Engineer with the resume of the seismograph specialist to include, but
not be limited to past experience, training and education. Also, we under-
stand the acceptablility of the specialist is subject to the approval of the
Resident Engineer.

PARAGARPH 5.2.4 - Measuring and recording instruments. We the contractor
shall provide suitable insturments to measure and record ground movements
caused by blasting. The instruments will record three orthogonal cconponets
(vertical, radical and tranverse with respect to the blast) of particle
velocity directly. Seisnograph equipment literature is enclosed.

PARAGRAPH 5.2.5 - Our seismograph operator is a qualified person capable of
setting u the instruments at designated locations and effectively recording
the blast.

PARAGRAPH 6.3 - Presplit Blasting

PARAGRAPH 6.3.3 - Structures. In developing a presplit face, drilled holes
will be 3 inch diameter spaced 18 inches on centers. Such faces will be un-
disturbed rock and will be within 6 inches of the neat lines shown on the
drawings, except that no rock. will project inside the neat lines as shown
for the structures. Depths of drilled holes as measured along faces will
be to full depth of excavation. Unless full depth Is drilled and offset a
minimn of one foot bench will be required every 20 feet in depth of verti-
cal face to permit the roto air track drill access after lift of blasted
rock is removed. All production drilling and blasting will not exceed 20
feet In depth. The final three feet will be drilled, shot and remwxved in an
on going separate operation. All loose and unsound rock fragents will be
refnxved and the rock faces will be washed down with air and water jets before
the concrete is placed. Presplit or line drilled or otherwise produced rock
surfaces against which concrete is to be placed will be protected frcm dam-
age by appropriate means in accordance with section 2N Rock Reinforcement and
Protection, until concrete is placed.

PARAGRAPH 6.4 - Line Drilling will be performed as herein indicated by en-
closed information and as approved by the Resident Engineer. Drilled holes
will be 3 inch diameter spaced 6 inches on centers to the full depth of the
excavation as indicated on the drawing of its respective location. The
line drill hole will be drilled with equipment canpetent to maintain the
aligrent and plane of the drilled hole pattern throughout the full depth of
the hole. Line drilling will be performed in such a marner that the faces
remaining shall be undisturbed rock, and that the faces will not project in-
side the excavation lines as shown on the drawings. Line drilling will be
done at the downstream limits of the shear key in the stilling basin floor,
at the vertical steps between monoliths as shown on drawing No. 037-Ul-40/2
and the downstream excavation lines of monoliths 6, 7 anl a.

(R-14)



DRILLING AND BLASTING SCHEDULE
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PARAGRAPH 6.5 - Dressing and trimming. Loose, fractured or projecting rock

will be removed from the slopes by barring or air tooling, and the slopes
will be dressed to eliminate irregularities. We as the Contractor %ill
maintain the slopes and we will scale loose rock from the slopes and faces
of the excavation throughout the life of the contract.

PARAGRAPH 7 - Shoring and Sheeting. Safety is foremost on this project
and all attempts will be made to protect our employees from unfinished
work and workmen from the danger of caving and slides. If shoring and
sheeting are necessary, it will be installed in a worknanlike manner, in
accordance with the requirements of the Corps of Engineers manual,
Em 385-11, Dated 1 April, 1981, entitled "SAFETY AND HEALTH REQLUREMENTS
MANUAL" and will be placed in such a way as to afford ready inspection of
an ample clearance for permanent work. Sheeting will be so constructed and
carried to such depths as to prevent excess inflow of water and intrusion
of sand and other materials. Shoring and sheeting will not be left in place
unless approval is given by the Resident Engineer. Details of proposed shor-
ing and sheeting will be submitted to the Resident Engineer for approval in
accordance with Paragraph "shop drawings of Part I - Special Provisions.

If there are any further questions, please do not hesitate to contact
this office.

Respectfully yours,

Lou Hutcherson
Project Manager

LY/sh
cc: file
Enc:

(R-15)



ORECD-SWJ January 31, 1984

SUBJECT: Blasting Schedule, Stonewall Jackson Lake Project
Contract No. DACW59-83-C-0053

J.F. Allen Co. & Wiley N. Jackson,
A Joint Venture

P.O. Drawer 747
Weston, West Virginia 26452

Gentlemen:

Your proposed 'Monolith Drilling and Blasting Schedule, submitted on
11 January 1984. for my review appears satisfactory, except for the fol-
lowing items;

1. Foundation elevations are tentative and actual levation vill be -

determined in the field.

2. In the last three (3) feet. the production shot pattern must be
ls than the burden thicknes.

3. Tentative line driling locations are indicated in red on your
sketch.

A. This schedule does not fulfill the contract requirments of Pare.
20-5.1.4, wbich requires that twenty four (24) hours prior to drilling for
each blast., you shall submit for approval on an approved form, the pertinent
data on the location, depth and area of the blast; diameter, spacing., depth.
over-depth. pattern and inclination of blast bolas; the type, strength,
aount, distribution and powder factor for the explosives used per bole and
.per blast; the sequence and pattern of delays; and the description and pur-
pose of special methods.

Sincerely. ,

WI.LIAM F. WOODBURN
Resident Engineer
Authorized Representative
of the Contracting Officer

CF:
ORECD
ORESU
ORECD-L (R-16)



WILEY N. JACKSON COMPANY, JOINT VENTURE
P.O. DRAWER 747

WESTON. WV 26452

(304) 269-5550

22 February 1984

Army Corps of Engineers
P. 0. Box 608
Weston, W 26452

ATTENTION: Mr. William F. Woodburn
Resident Engineer

RE: Stonewall Jackson Lake Dam
DACW59-83-C-O53

Gentlemen:

In reference to Contract Specification, Section 2N, Paragraph 3.7.3,
Monolith Faces and Paragraph 3.8, Installation of Chain Link Fabric, we re-
spectfully submit an alternate Rock Bolt Installation method.

In lieu of an expansion type rock bolt as indicated on sheet 037-LT-19/3
of the contract drawings we propose the Dywidag Threadbar Bolt System with the
Celtite Resin Cartridges in both areas as referenced above.

The diameter of the rock bolts -ill be at least the minimum size as stated
in the specifications. In addition, the vertical excavation face rock bolts
will have 2'-0"l longer rock embedment with a minimum of five (5) Celtite Resin
Cartridges. Also, we propose using a minimum of two (2) Celtite Cartridges
for bolt anchoring the Chain Link Fabric.

All other specifications will remain unchanged; spacing, testing and

procedures.

This proposed change will be at no additional cost to the Goverment.

See enclosed drawing on embedded rock bolts. Also, we are enclosing in-
formation on Dywidag Bolts and on Celtite Cartridges.

If additional information is required, please contact our office.

Respectfully yours,

Lou Hutcherson
Project Manager

L/sh
cc: file
enc: as noted R- 17)



For use of this forw ,e. AR 340.15. the ptopoelat Oency to TAGCEN.

REFERENCE OR OFFICE SYMBOL SU&JECT

ORHCD-SWJ Stonewall Jackson Lake Project - DACW59-83-C-0053
Rock Bolt Installation at Monolith Faces and Chain Link
Fabric Installation

1 0THRU ORBCD-L4.. 7  FROM ORHCD-SWJ DATE 2 2 February 1984

Thr't * '-V /WOODBURN/ms 1
TO ORPED

1. Enclosed for your review is a proposal from the dam contractor requesting to use
Dywidag Threadbar Bolt System with Celtite Resin cartridges in lieu of expansion type
rock bolts.

2. We successfully used Dywidag anchors for the stabilization of the diversion channel.

3. I feel they will work successfully for this application.

Enclosure WILLIAM F. WOODBURN

Resident Engineer
CF:
ORECD-L

ORHCD

ORPED-DM (22 Feb 84)

THRU:() ORPED e4/_ FROM: ORPED-D DATE: 13 Mar 84 CHT 2
tk1 ORECD-L 4 ., 315' Mr. Ardine/js/6883.

TO: (a) OREHCD-SWJ

1. The substitution as requested in paragraph 1 of CMT 1 is acceptable. Table A
marked in orange on sheet titled -Rock Bolts - Size, Depth of Holes and No. of
Celtite Cartridges" is added in an attempt to summarize pertinent information con-
tained within the voluminous inclosures. The Contractor should evaluate whether the
information in Table A does indeed reflect his intentions and confirm and/or resubmit
as required.

2. The statement that the proposed change will be at no additional cost to the
Government made in the Contractor's cover letter, dated 22 February 1984, appears to
be ambiguous. The bid schedule indicates Item No. 126, Rock Bolts: Monolith -
Excavation Faces, is to be paid at a unit price per lineal foot. Since the
Contractor has not addressed the equivalence of the bond lengths required for each
system, has the Contractor accepted by inference that any additional bond length
requirements of the substitute system would be subtracted from the total installed
length; so in actuality there would be no additional cost to the Government.

wd all incl COLETTI
Added 1 incl
1. Table A

•, (R-18)
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ORCD-SWJ March 19, -1984

SUBJECT: Rock Bolt Installation at Yonolith Faces and Chain Link Fabric
Installation. Construction of Stonewall Jackson Lake

Contract No. DACh59-83-C-0053

J.F. Allen Co. & Wiley N. Jackson,
A Joint Venture

P.O. Drawer 747
Weston, West Virginia 26452

Centleman:

Your request to substitute Dywidag System with celtite resin cartridges

is acceptable providing the bole diameter conforms with table "A" on attached

sketch and provided that there is no additional cost to the Goverment.

.Sinc rely.

WLLIAM 7. WOODBURN
16sident Ingineer
Authorized Representative
of the Conrracting Officer

Enclosure

CF:

OusU

ORHCD-L

(R-19)
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J.F. ALLEN COM ANY AND

WILEY N. JACKSON COMPANY, JOINT VENTURE
P.O. DRAWER 747

WESTON. WV 26452

29 February 1984

Army Corps of Engineers
P. 0. Box 608
Weston, WV 26452

ATTENTION: Mr. William F. Woodburn
Resident Engineer

RE: Stonewall Jackson Lake Dam
DACW59-83-C-0053
West Fork River

MONOLITH FOUNDATION ELEVATION

Gentlemen:

In reference to section 2D, paragraph 5.1.4 of the contract specification,
it states that blast holes other than holes used for presplitting as herein-
after specified, shall not be drilled to depths greater than three feet above
the final grade. We understand this to mean the last three feet to be drilled,
shot and removed as a unit just prior to placing concrete on the founding
elevation. If this is the correct interpretation, we respectfully propose an
alternate plan.

The last three feet above final grade would still be removed as speci-
fied. However, this operation would immediately follow the major excavation
operation of each monolith. We would in turn protect the final grade with a
cover of 4 mil polyethlene sheet plastic and 6" of clean sand.

Also, this scheme would give you considerably more time to evacuate the
final grade and it would give both of us more flexibility with the requirements
of the blasting criteria, i .e. e cannot blast within 200 feet of freshly
placed structual concrete for seven days and thereafter not within 50 feet of
structual concrete. In construction Stage I excavation operations all mono-
lith final grades will be exposed, inspected and protected before concrete is
placed on any monolith.

The sand protection will be maintained moist and heavy and track equip-
ment will not be permitted within the protected area.

Also, this proposal will be at no additional expense to the Goverrnent.

Respectfully yours,

Lou Hutcherson
Project Manager

LH/sh
cc: file

(R-21)



QRHCD-SWJ May 8, 1985

SUBJECT: Additional 6 Inch Core Drilling In L-12, Stonewall Jackson Lake
Contract No. DACW59-83-C-0053

J.F. Allen Company and
Wiley N. Jackson, AJV
P.O. Drawer 747
Weston, West Virginia 26452

Gentlemen:

This letter gill confirm my verbal instructions given to you on
07 May 85 to proceed imediately with the drilling of five, 6 inch cores
in the upstream end of Monolith No. 12.

This request vas made to me by Marshall Fausold via Stu Long on
07 may 85.

Sincerely,

VULIA F. WOODUN
Rasident Engineer
Author.zed Representative

of the Contracting Officer

CO-
ORECD -
ORHCD-L
ORSU

(R-22)



J.F. ALLEN COMPANY ANL

WILEY N. JACKSON COMPANY, JOINT VENTURE

P.O. DRAWER 747

WESTON. WV 26452

(304) 269,5550

04 September 1985

Army Corps of Engineers
P. 0. Box 608
WesLon, V 26452

Attn: MIr. 1h. F. W..oodburn
Resident Encreer

RE: Stone.all Jackson Lake Dam

DAC-'5 9 -E-C-OC03
PEDIVERTIrG TH-E JMT\qR THROUGH
THE FLOOD COrITROL SLUICES

Dear Sir,
We respectfully submit for your revie.: the follo.ing proposal for re-

diverting the river through the sluicel'7ays. The Stage II Concrete Place-

ment has been placed on 1'bnolith 1 to monolith 3 to rvach"y elevation.

I1bnolith E to ?,nolith 9 %.-ill also be to roah-a3, elevation. Mjonol1th 10

to I bnolith 15 will be completed to a minimum elevation of 1055.00.

All flood control and quality control sluice gates and related appur-

tenances ie.ll be tested and maintained by the pennanent hydraulic system and'

in compliance with Paragraph 8, Section 5A and Paragraph 15, Section 15A.

The flood control sluice maintenance bulkhead, bulkhead guides and trash

racks i-.-ll be installed and tested in Tonoliths 6, 7 and 8 and in compliance

with Paramaph 8, Section 5A and Paragraph 7, Section 5C.

The quality control towe.rs (Monoliths 5 and 9) xill be topped out

(elevation 1088.CO) prior to rediversion. 1'e have not received from our

fabricator the trash racks, maintenance bulkheads, intake and hoist gates

for the ater quality gates. However, these items are scheduled on site

vwithin the next three months and will be installed this year in compliance

x..dth Paragaph 8, Section 5D. This activity vrill be done in the dry after

the diversion as the tw-er openings start at elevation 1038.00 and flood

forecast above this has a 9 year frequency at this timfe of year. Should

vwe have a flood condition prior to the completed installation of this sys-

tem w rssume the cost of cleant and related costs.

This vmth the draft tube sluice guide and gate .ill be installed,

tested and in cao-.liance .ith Paragraph 8, Section 5D of the contract spec-

ifications.

Prior to rediverting the river all debris in and arotd the cofferdam

and stilling basin .i1l be removed. The diversion channel Stage II will be

(1)

(R-23)



Pace 2
04 September 1985
RED IVERTING RIVER

plugged at Sta. 2+0 to Sta. 3+0 and Sta. 5+0 to Sta. 5+75 (as sho.n on
the alternate Stage II Diversion Channel Phase II Dwg. 2 of 5). At this
point rediverting the river t-rough the sluices v.ill proceed.

T e w.eek of September 16, 1985 we are scheduling the removing of the
cofferdar s and anticipating it taking approximately two \'Eeks. Rediverting
the river will probably take place the first week of Ootober.

Monolith 4 w.ould then be c.om leted as rapidly as possible, providing
that the good veather holds. I remain,

Respectfully yours,

Lou Hu cherson
Project Manager

UY/sh
cc: file

(R- 24)



J.F. AILEN COMPANY AND

WILEY N. JACKS,ON COMPANY, JOINT VENTURE
P.O. DRAWER 747

WESTON. WV 26452

(304) 269- 5550

21 February 1986

Army Corps of Engineers
P. 0. Box 608
Weston, WV 26452

Attn: Mr. Wm. F. Woodburn

Resident Engineer

RE: Stonewall Jackson Lake Dam

DACW59-83C-0053

Dear Sir,

We hereby submit our proposal for the relocation of surface drilling
for the grout holes.

Drilling would be accomplished in accordance with the specification
Section 20 - B, Paragraph 7.3 and with suggestion and comments discussed
with Mr. Dave Nugen, Corps Engineer Representative.

Enclosed are the drawings of surface drilling for grout holes on the
right and left abutments.

Please advise us at your earliest convenience if this scheme meets
with your approval. I remain,

Respectfully yours,

i Emilio Mendepilla
- Resident Engineer

EM/sh
cc: file
enc: as noted

(R-25)
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J.F. ALLEN COMPANY AND

WILEY N. JACKSON COMPANY, JOINT VENTURE
P.O. DRAWER 747

WESTON. WV 26452

(304) 269-5550

14 May 1986

Army Corps of Engineers
P. 0. Box 608
Weston, WV 26452

RE: Stonewall Jackson Lake Dam
DACW59-83-C-0053

Dear Sir,

We hereby resubmit our proposal for the relocation of surface
drilling for the grout holes.

Drilling would be accomplished in accordance with the specifica-
tion section 20, Paragraph 4.3 and with suggestion and comments dis-
cussed with Mr. Dave Nugen, Corps Geologist.

Enclosed details and drawing of surface drilling adjacent to
Monolith 16 and left abutment.

Please advise us at your earliest convenience if this scheme
meets with your approval. I remain,

Respectfully yours,

Field Engineer

EM/sbh
cc: file
enc: as noted

(R- 29)
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SMITH/dkm/5280

December 30, 1986

Construction Division
Contract Administration Branch

SUBJECT: Contract No. 4 f9z---53' Cons ruction
.a West

Fork Riveir W"stz Virginia"

The J. F. Allen Company and
Wiley X. Jackson Company

Post Office Dox 49
Clarksburg, West Virginia 26301

Gentlemen:

Az a result of an inspection made in accordance
with Contract Clauses of the referenced contract,
all work under the referenced contract waz found to
be complete except for final testing and correcting
punch list items, and is acce ted for eS ! T TAW

4( cupanvy -a s..Zf -DCerf- e A

Sincerely,

Robert D. Brown III
Colonel, Corps of Engineers

,\ Contracting Officer

Copies Furnished:
SHELDON CD-A

ORHCD-A, wd DEEDS CD
OMCD, wd

IdRBCD-SWJ, wd EVERSOLE OC
ORHCD-L, wd MATTEWS A
ORHOC
ORHRM-F JOBE DD
ORPOP 

B O N DORHED (dupe) BROWN DE

ORHED-B
ORHSU

(R- 31)
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C= 3 .ovccLer IN93, as a result of obs~rvaticix aurin; an inspcction cou-
d.Lcted that rate in coniua,,y vatfl Yssrs. 'cnueii±r ari Canning (CKLZD-ZC),
the pcssibilit 7 wts disc""sed of adjustiiu the cross section oa the
upstream cofferdam to eliminate the rortlon of the aike shown on Drawing
037D--L9-9/2 as being a closure dike and ttbe associated three-foot thick
transition zone. This zone would he cortructed, Izat.ca, or Impervicus
fili. Upon rezturn to tlw District office on 4 .--ovezoer, the stability
calculatious r. nad durin the u'sign of tLe cotferdan were reviuwca. It
appeared from this ravie, that the factor of safety o the upsrreau al.ore
of Lhe permanent cofferdan using an entirely ihpervious ratariai. had pre-
"icusiy becn caiculate4 a-a was 1.20, uhich ir Lass than th raquirra .
":ovever, tris zualysis had teen made as6up±ng a rapid-drawaoun conaltiou
iavolving ccmplcte saturation c-i th* imptervious fill. This in an tlikhely
circumstance ior a structure oi this type whare hi;gh river stagcs !a in
to saturation should be of short duration. Furthermore, the constructior.
?rocedure urilized by the Contractor has beeu to coiatruer a larFe an
su tsantial :ivf--rsion iike 1.madietely upstream of the location 0i the per-
,-anent cofferdam. In discuscion with 1tr. Woodburn, Meident Engineer, be
rtatad t±at it sims ois intent to push material from the civersion uii.e into

the a;Tace "4tween the c.iversion cike 4nd the coiferdam to create a level
"erm against tm upstream fare of t.h pernaueut cotfartaua. 7his will
result In a very =btantlai incrfiase in the- stability of the upaLrean iace
or the 1 ranent cofferdam. In view of these two Circumstances rxmxzina to
increase tna stability oi tie upstream face a the parmaneut cufetruam,
.r. looaburn .as dvi-ced by telaphon. this date that tLe Distict .. a no
objection to tbh ccnstructlon o ",at "ona labelea as transitou Lmterlal
and closure dilie out of Impervious rill. hin uill create an easier con-
.;truction situation, arna cboula result in a ui:,iii' piacereunt roceaure
"w possibly a small economy .it rperation.

*;ra ct ',iiri. .rLc
~Chi~ef, .-etec: nlcaj :,ra-acat

Lardieri MD

Eovanaic LD
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OR.PED-G 5 larch 1984

.EMORA.NDUM FOR RECORD

SUBJECT: Stonewall Jackson Trip Report, Contract No. DACW59-C-83-0053

1. On 27 and 28 February 1984, an inspection was held at the Stonewall

Jackson Lake Dam site. Those in attendance included Mr. Pete Hart
(DAEN-CWE-SG), Mr. Charlie Canning (ORDED-G), Mr. Pat Oshel (ORHCD-I) and
Messrs. Stuart Long and Robert Joh of the Pittsbur. District C.tchncal
Branch. The major purposes of the visit were to update Mr. Hart and
:lr. Canning on progress at the project and to discuss proposed founding

elevations for the right abutment monoliths 1 thru 5.

2. Following arrival at the site on 27 February, the group toured the dam
site accompanied by Mr. David Nugen, Project Geologist, and Mr. Gordon
Louden, Asst Resident Engineer. The slide that has developed on the left
abutment above the rock buttress continues to worsen. Currently it has
caused a large portion of the gravel blanket located between the overburden
and the rock buttress to buckle. This particular area now has the
appearance of being a step leading down to the horizontal surface of the
buttress. The overall condition of the left abutment was noted by the
inF cion party. The slide is of no immediate concern to the safety of
the -am excavation or diversion channel and will continue to be monitored.

3. The excavation proceeding on the right abutment was also inspected.
The rock exposed in the retaining wall and turnaround area is a massive
sandstone with numerous clay filled, nearly vertical joints up to three
inches wide. The overburden removal and blasting done in this area exposed
these roughly north-south trending joints spaced three feet apart. A large
backhoe was brought in to try and pry two large blocks apart at one of
these joints but there was no movement. Immediately underlying this
sandstone unit is a weathered shale unit which breaks down rapidly on
exposure. Further down the abutment overburden and rippable material were
being removed.

4. Eleven of the exploratory borings being drilled to confirm proposed
founding elevations have been completed. These borings represent Monoliths
1 through 9. All members of the inspection group were pleased with the
high quality and excellent recovery of the four-inch core. After inspec-
tion of the core and comparison with logs of previously drilled borings,
agreement was reached on the following founding elevations for Monoliths I
through 5:

(R-33)



ORP ED-G 5 March 1984

SUBJECT: Stonewall Jackson Trip Report, Contract No. DACW59-C-83-0053

Monolith I - Elevation 1045

Monolith 2 - Elevation 1022
Monolith 3 - Elevation 995.6

Monolith 4 - Elevation 995.6

Monolith 5 - Elevation 987.4

Four of the borings representing Monoliths 6 through 9 (Nos. 202, 210, 211,
212) were completed very recently and the core had not yet been logged by
Mr. Long. Preliminary founding elevations for these monoliths were agreed
on based on a cursory examination of these borings, but a final decision
was deferred pending a more detailed examination of the core by Mr. Long
and Mr. Oshel.

5. At the debriefing meeting following the core inspection, there was some

discussion of methods for protecting rock surfaces in the foundation exca-
vations. It was agreed that the jointed sandstone blocks in the retaining
wall area of the right abutment be secured with horizontal resin grouted
rock bolts. These would act as dowels and would be left unstressed to
avoid further damage to the rock. The need for quick application of the

Celtite protective coating on argillaceous surfaces was emphasized, and the
concept of leaving a buffer zone above the coal in monoliths 3 and 4 prior
to final blasting to foundation grade was discussed.

Mr. Hart and Mr. Canning expressed their general satisfaction with the
progress of the project to date, and encouraged the Huntington and
Pittsburgh District representatives to continue their careful inspections
as excavation proceeds. The importance of keeping all parties involved in

this project informed of developments and consulting with one another was
emphasized. To date nothing unexpected has shown up as a result of the
core drilling or common excavation.

STUART B. LONG
Chief, Geology Section

(R-34)



!IEMO~i AIN~uM FOR THE F ECORD

S 1 C _ 7 1rI o Reoor-t nr-_foe ct ir f~ t r)e :.r,-D o :a n o w:.r~ W r
St .:rewa 1 1 .jacks.:rt Damn. aria det erwn e rrc1ithr fc:uicat ic-ri OtraceS.

C)r, -1 aria 6_- FeL'rruarv '- 4 the urdersioried in roect ea t ne*:
7 ~ ~ ~ c rD strictu'ra 1 excavat icr, ard the r:cq cores UeliO o r 1 1 eC3 Dv

tne c.rtn~ract.'r.

a.Pitj o.:se: The L -i-s e cfthe t r was- t-: meeT wi tr Pattsuo
arc hur 1 rot r, -iicts ac Off ce of thne Cr iief oers:rre r t

1 rsoect the cri-ocirjo excavat c:-r, aria the rc-ck core sarioies oeirno
t A- e r f :.r cc:,rf-rrm at I or c.r at es5 1 p r selectea fouricat i:cri oraoeE.

3. ttericees:

ta) Ir. Stu Loc'ro. Geclc'-oist. OFRPED-,
(b) Mr, Rc-bert John. Gec-1lcoist. ORPED-G
te c > 'r. Pat Cisnel. ec:ot.ORHCD-i
( a) Mr. Bu I Wocob'jrr. Res 1cent Ero irieer. ORHCD-SWJ
t e) Mr. ,crdor, L,:.'i . Asst. Resicert Eroireer. ORHCD-SWJ
( f) Mr. Dave Nucei. Prc.iect Geclc'oist. ORHCD)-SWJ
-) Mr. Pete Miart. Geclc1aist. OCE
(h) Mr. Charles Carii.. Geclooist. ORDED-G

4. Ea c Qr .- 1rd a: Ehiriran t he rev iew Cf the o 1a ris aria
s oe i f 1cat i rs. it was aoreedj that additironal ccore ooririos S~il
be ircl uded in the contract for c:nrif.:rmat ic:r Cf the se 1ec-teo
oesion orades. A total of 18 borno lc:cati.ris were selected rc-r,
thte c.-,rt r a ct. eleven, (11) in ohase one aric sever, (7) ir, chase
r W.D. trice t n-e Cc:rit r- act ,r- Mad cczmo Ilet edl on ase orie an r 1 I ro. t ne
6 0_-'V e attendees would tneet at the site. review~ the c,:re sartoles
arid sel1ect the firal1 f.:itdat i r orades. See At tac.-Imert 1.

5.Obser-vat ions:

a rth feric o 7Febriiatv 1 984. trie orc-uD miet witn.
mr.: iect oersor-,nel for, a bri efino orn construct icr in or-foress
a rid a site irSoectiri. The site visit neoar, with ari insoecti,:,r,
C.f the rock buttress or the left abutmiert. Durino a orev 1-. cs
site visit ov the itraersioned in Novembter 1963. a smiall slde had
aooeared above the r-ck. buttress. At this time the 1icli iometers
d i d rnot a rid i cat e arty miovemnrt. Dirrino tne~ time oet weer t Me
N c.vemiLe r 1983 visit arid this visit. the slide had beco~me mc-.r e
ect Ive. Severa Ic'-f thte i ric 1i1no~ret ers had beer sauee~eo sn ut at a

aeoth o ,f I 3t f eet . The f ilIter dra i~r had beer, oushed uto severa 1
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Attachmient 1 arid Ph:tcaoraohs 1 thrut 7.
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(c) After irfsoect ira the ra oht abutment, the trCIUD insoect ed tn-e

'jost reami a rid dcwrst ream c':'f fe r- a a '! arid t he r I .:Ccw a v. re

ccn-ac '-a le-* -y0 f 1cCdwa struct ure. h.owever. thie

C.'rt ract-.r- suiornitted a yE orccosal f:.-r, tne use or tnr*eCe c.,rcretc-

cu-lverts which was aoorcived by Pittsbur-oh. The savinos to the

o0verrimerit amtounited toc aDorox ifiate Iv $1 300. @0. See Pn-t coraon

Ncs. 15 thru 18.

(d) Or, tnie mo:rniria o:f February 28. 1384. the aro-uo inisoected the

core samio Ies laid out by the site Dersc'rnel. The fo I Iow i r,

DOV'ri0 U h(ad beer, I':oed arid were irSoected In detail by the OrIOUD

Bo:rina No's. 2QIZ~ 2~. 7 16, 15, 214. Z-13 arid 21E'. 'or ino

N.:.s. -7O. 210, and al11 were in the orcicess orf beiric ICooed. however.

the a3rc-.uO did irisciect the core makinc ccmocarisis with the above

1:.rioed bo:rinas. 'Bee Photocraoh No's. 19 thiru --4.

E. Discussion:

ka) Left bumen Slde The inclinomieters irdicate triat the

ceotm or slidirQ is arcurdl I.:, reet. nicwever. the rcN nutti-ess

aooears to be flurictiortiic sin~ce the cravel filter drain oet weer)

t ne aDUtren~t m~aterial arid the r-cck outtress has beer, DUshed uc -

to 3 feet with no aociarenit horizontal movement cif buttress. See

Pictoaracri Ncos. 5 arid e6. The small sl ides downtr'eamf of tne r:cc

buttress will conitinue to move, however. it does not aooar to

cpo:se a mai icr orc-blem at this time (see Ph:,to:araoh No. 4).

(b) Rioht 9but~onot: The stress -elief icints filled with clay

C.:(-d ose a safety Doblem durino the con~stru.ct ion life of the

Cari and may recuire rock bo'lts as an aid I n stabilizina the

a bijtrslert. For oec-,sib~l areas reol-tirirO ro:ck. bolts see Pno:toraoh)

(c) gc-fferdar15: 'During insceCt ion C'f the d ow ris t -e atra

cot. f erdcam f 1 .:d.Cwav structure. t ne unders i cried discussed arno

reco--mmended to pro iect personnel that the irmperviouS material

So'-f t ened by tne rair. free--iri and thawirii. be removed beTrcrYe

ol acino a nd conmoact inp C.f add it ioialI rec u ired m~ater ia I t C

c,:,iolete the st roct re.
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I~s~ectlcr t 1) en Li t r'~.: S S C.L r. ~1S s~ e -

i ELC r,=oect ec aric comoinoirec t ne a~eE-1 an r' 1' 0r r t -

1C he new Ccre b --ri r os . tentative a ra 0e S ~eYe SLPeeC te Er r
c rIIs t r- uC t IcI.r I e x cav at 1 cr. See Pt t achlert I AdC r'e EDt-e SE t At I v L

t .-t. o ra oh No s. 1' 3 t hr-t u E.4. The f o 1 1 -:wI no cnaroes tqete roace t . a at e

Mcrco.1 t h Des 1or br-ade Tent at 1ve Excavat i,:r- c're

I1 0'Z4E 1045

4, 9 97 3,35.

3e9967. 4

Found irp elevat icr~rs tr ro-croI i aths 6. 8 arc 93 w 11 1 be Conrf i r-fied
af ter- oetail 1 Doo ira of b.:rir1 os 2.02. a- 1 a r, in C 1 Dur-iro tne
i nsoect iors of the ao.:ve c.orte sarool es. i t was ri-oted troat a SieLAr'
oi are wc% eric::unrt-re ritdtr- eleataor 3 ( Mo rI-,Ii 1. n S- E'
9) which riay r-eottixre trle lc:-werirn :f these 1,-.:'.tdat a ors by sever-a
feet. Mr. Stu Loria (ORPED-G) will 1-:.a the cor-Ye ir detail1 ard trtert
he arnd Mr. Pat Oshel will deterroiie the fourdiro el evati.acri airter,
co:rferrarno with the Pittsburah Str-uctural Branch.

7. C:rlc Ius I rs:

( a) Cor-e dr 1l1l1no and excavation of the riont aoutmert ar'e
orcor~essiric satisf VA s very oood and

nspection ar"t Cract
d 1 1 no a t Derese I eR 1 irmedl tr-e rio unari r
orades ar-.-o:sed in, the desion with only minor chartoes. It was
aotreed by the irsoect icrn oartv that the sm~ear, z-.e er'ea eIsm :I1. 1
be examinred in detail t:' irsure triat the clarie do-es no--t davlaopt
wlthirf the stilliro b a% _ oef.:re t he f-DUr'd iro oraces are
d e t e ri1ne d i n M:,noli t hs E. 7. 8 anrd 93.

(13) Left a b utme nt si a1ce ar-ea at oresent coes not aooear, tco
oreserst a oroblem to the first ohase co.rstruct ion)r o r safety.
However. I t i s r~ecornrlerded that horn zontal con-rtrol oci rts
lo..c at ed! on the rck~ buttress be cIo s el1y mora 1t oted for, anyv
riovertiert. (See Prnctcorao) No. 7)

(c) Stress r-elief joints in the richt abutment s hou1 d Oe
cleaned off arid insoected to deter~mine if r-ock. aricnors ak-e reeceCC
f or- rocR slooe stability durino construLction.

F.Fttur-e Acta~ons -by th)e Disttrict.

(a) Pr-:. It esiadent Ereva neer- reeds t.:C have t-,e cont ract:o cr rac,
arid record t2v F-Dvemient s :f trne rock but tr-ess cortt-olI o,-- r nt
The read rt nsoult be -emorted t.: OP=ED-G.
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b) Clay fi1ll1ed 1iits ir, the ri ght aol.tment E n.:.u 1d b e
c 1earied o~ff arid examiret by Pr: -._ect arid Dist r-.i ct oer-s-:rie I f.1

(C') Pittsburoah District (ORPED-G) will r.:-.t if v the D i vis ic-r
(ORDED-G) where cot-e drill ire has beer, c,:molete~d arid schedulJe
a weet i no at the site f.r core sarao 1e i rfsoect ion, ard crZ-f L

7 se Iecti:r

9. The urdersxcred w--ul d i ke to: eyntre- tbIs. aoDec i at i,:r t .

Pit tsb'roh/H'Art i rict'r, r .. h:~
*efi.:ttS arid ca - akri trmis a ver-v irifo:rmat i ve aria

P,~r~ -:' d t

CHARLETS G. CANNING
Divisionr Geol':oist ED-G
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ORP ED-G 15 Aarch 1984

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-C-83-0053

1. On 7 March 1984, Stuart Long, Chief of the Geology Section, Robert John,

Geologist, and Sam Smith, Engineer in Training, all of the Pittsburgh

District Geotechnical Branch, visited the Stonewall Jackson Dam site to

check the field logs of borings being drilled to confirm design foundation
elevations. Borings 202, 210, 211 and 212, representing Monoliths 6, 7, 8,
and 9, were logged. (See attached location map.) The borings representing
Monoliths 1 through 5 had previously been checked as noted in the 5 March
1984 Memo on the same subject.

2. The ORPED-G group was met at the site by Pat Oshel of the Huntington

District Construction Division and David Nugen, the Project Geologist com-
piling the field logs. The following foundation elevations were agreed
upon:

Monolith 6 - Elevation 987.4

Monolith 7 - Elevation 985.0
Monolith 8 - Elevation 985.0
Monolith 9 - Elevation 985.0

Only Monolith 6 represents a change from the original design - the foun-

dation has been lowered 1.6 feet from the proposed foundation elevation of
989.0. This enables the foundations of Monoliths 5 and 6 to be kept at the
same elevation and eliminates the need for a vertical step.

All four of the borings logged had a soft to moderately hard, slickensided
and broken claystone zone at approximately elevation 989. While this is
above final foundation grade for the monoliths, it may become important in
terms of the passive resistance of the stilling basin foundation.
Additional exploratory borings in the stilling basin area will be necessary
to determine if this zone daylights imediately downstream of the end sill.

3. The cores from holes 209 (downstream left corner of Monolith 10) and
207 (downstream left corner of Monolith 12) were also available for inspec-
tion. The drillers had just moved from 207 that morning. Time constraints
precluded a detailed examination of these borings, but problems were noted
in both holes that will require further detailed investigation.

4. The bottom of the hole 207 was terminated at elevation 980, ten feet
below the proposed foundation of Monolith 12. A soft clay gouge zone with
claystone breccia is present from elevation 987.4 to 984.3 and below this
is a sandstone unit featuring high angle diagonal fractures and shards of

(R-40)



ORPED-G 15 '!arch 1

SUBJECT: t ,onewall Jackson Dam Trip Report, Contract No. DACI59-C-83-O

sandstone in a soft clay matrix to elevation 980. Evidence of this gou

zone can be found in the logs of neighboring borings. To better determ
the extent of this feature, modifications to the drilling program were
agreed on by Messrs. Long, Oshel, and William Woodburn, Resident Engine
First, the drillers are to move back onto hole 207 and continue coring
elevation 970. Second, two holes (218 and 219) are to be added to the

drilling program at the locations shown on the map. The first hole is
be at the upstream end of Monolith 13 landward of the diversion channel
and the second is to be located 50 feet downstream of the downstream en
Monolith 12 in line with the Monolith 12-13 joint. These two holes are
also to be drilled to elevation 970. The gouge zone found in hole 207
makes it imperative that hole 208 be drilled in its original location,
which is along the center line of the diversion channel. This drilling
will have to be completed after second stage diversion is made.

5. Before returning to Pittsburgh, the procedure for installing horizo

rock bolts in vertical faces was clarified. The Contractor proposes us
resin grouted rock bolts rather than the mechanically anchored bolts li
in the specifications. It was agceed that the depth to which these wil
installed will be determined in the field, based on the joint pattern a
condition of the rock.

STUART B. LONG
Chief, Geology Section

2
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OR.PED-G 23 March 1984

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-C-83-0053

1. Stuart Long, Chief of the Geology Section, and Robert John, Geologist,
from the Pittsburgh District Geotechnical Branch visited the Stonewall
Jackson Lake Dam site on 14 and 15 March 1984 to assess the progress of
excavation and check the logs of borings being drilled to confirm final
foundation elevations of the monoliths. Mr. Pat Oshel of ORHCD-I met us ai
the project. Meetings during two similar trips made within the last month
had produced agreement on the final foundations for Monoliths 1 through 9
in the first stage cofferdam, based on examination of borings 200 through
202 and 210 through 217. (See memos on same subject dated 5 March and
15 March 1984.) The borings logged on this trip were 203, 206, 207 and 205
representing an area on the left abutment including monoliths 10 through 14
This is shown on the attached location map.

2. As noted in the memo of 15 March 1984, a cursory examination of Hole
207 done during the last trip showed a brecciated and gouged zone from
986.4 (incorrectly indicated as 987.4 in the memo) to what was then the
bottom of the hole at 980.0. As requested, the drillers subsequently move(
back onto the hole and deepened it, the final bottom of hole elevation
being 971.4. The detailed log of this boring indicates this zone consists
of a soft, broken, dark gray claystone from 986.4 to 983.7 overlying a

highly fractured and sheared, fine grained, moderately hard sandstone from
983.7 to 980.0. There is very little competent rock in the upper claystont
unit - for the most part the claystone exists as brecciated fragments in a
soft, gray clay matrix. The sandstone unit exists as sheared fragments of
the parent material, occasionally suspended in a clay matrix (at elevationo
982.4 and 981.3). A 1.2' core loss was present in the run going through
this sandstone and was assigned elevation 981.2 to 980.0. The additional

drilling requested in this hole indicates the gouged, brecciated zone ende.
at elevation 980. The remainder of the boring was a series of moderately
hard siltstones and shales.

3. Boring 209 at the downstream left corner of Monolith 10 contained the
same thin claystone zone at approximate elevation 990 that has appeared in
other borings. This unit is soft, highly factured and slickensided and
contains some evidence of gouge. It is above the proposed Monolith 10
foundation elevation of 987.0. A reddish brown, slickensided indurated
clay which is a marker bed in the area was found at the bottom of this
hole, from 971.4 to 970.0.
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ORPED-G 23 March 1984
SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-C-83-0053

4. Borings 203 and 206, at the upstream and downstream ends of the
Monolith 13-14 joint respectively, contained primarily sandstone with zones
of claystone and siltstone. A founding elevation of 1027 is being con-
sidered for Monolith 14. The sandstone below this elevation in Hole 206 is
in excellent condition while in Hole 203 there are some high angle to ver-
tical joints with rust staining that will require treatment. It is
apparent that the vertical step between Monoliths 13 and 14 will be pri-
marily this sandstone although the final elevation of the Monolith 13 foun-
dation has not been determined.

5. Drilling had not yet begun on borings 218 and 219, which have been
added to the drilling program to better determine the extent and charac-
teristics of the gouge and breccia zone found in Hole 207. It was decided
by Messrs. Long and Oshel that Hole 218 would be moved upstream 25' to a
location 25' downstream of the corner of Monolith 12. There had been some
concern that the seam would daylight within the original 50' and the
desired information would not be obtained. In Hole 219 core shall be
retained from elevation 1023 to 970, while in Hole 218 core is to be
retained from the top of rock down to elevation 970. The final location of
Hole 219 is on the axis of the dam 2.5' landward of the Monoliths 12-13
joint to allow for working room along the diversion channel.

6. As mentioned in the 15 Mar 84 memo, the conditions found in Hole 207
make it imperative that Hole 208 be drilled at its planned location.
Messrs. Long and Oshel agreed that it would be desirable to drill this hole
now and get the information as soon as possible, rather than waiting until
the second stage diversion is made. A platform across the diversion channel
will be needed and it is recommended that 6" casing be drilled securely and
grouted into the bottom of the channel prior to drilling. Mr. Ramric,
field engineer at the project, agreed to work out the details with the
contractor. The difficulty of drilling this hole over water will result in
a possible change to the contract, however, the value and timeliness of the
data justifies the added expense.

7. Mr. Long decided that adding two holes at the downstream end of the
stilling basin, to be numbered 220 and 221, would be required (see attached
location map). They will be drilled at approximately Stations 3+30 and 3+94
at a distance 5' downstream of the line drilled face of the end sill. Their
purpose is to determine if the 0.5' thick claystone seam at approximate
elevations ranging from 987.5 to 990.0 in holes 209 through 213 daylights
downstream of the dam or remains at a fairly constant elevation. These two
holes are to be core drilled from the top of rock to elevation 980.0.

8. The installation of rock bolts along the outside perimeter of Monolith I
excavation was observed. Two rows of vertical bolts were being installed
on 5' centers and stressed to 50 kips and short bolts on 2' centers were
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ORPED-G 23 'arch 1984

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-C-83-0053

being installed vertically and horizontally to anchor the wire mesh protec-

tion. Some of the long bolts could not be stressed to the full 50 kips,

especially in shaly/indurated clay areas. It was proposed by Messrs. Long

and Oshel that, from now on, the horizontal bolts should be installed more

selectively on nonvertical excavations. There may be trouble with the

drilling for the surface grouting to be done to the right of Monolith 1 due

to the presence of the horizontal bolts already installed.

9. Mr. William Woodburn, Resident Engineer, joined the group while

inspecting the dam excavation for a discussion of conditions in the area of

the right abutment concrete tie-in and service road. Firm rock apparently

drops more quickly than originally thought and it would seem that portions

of the road will be founded on overburden rather than rock if built as it

was designed. Messrs. Woodburn and Hamric would like to have this service

road realigned, possibly using the current alignment of the contractor's

access road. This proposal is to be reviewed by those who designed the

road.

10. Final foundation elevations for Monoliths 10 through 16 in the second

stage cofferdam will be determined after completion of the drilling program

and analysis of the orientation and characteristics of the gouge and brec-

cia zone found in Boring 207 and others.

11. The next inspection is scheduled for the week of 26 Ma-ch 1984.

2 Incl STUART B. LONG

as Chief, Geology Section

(R-45)



ORPED-G 5 April 1984

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. 11CW59-83-C-0053

1. Reference Memoranda on same subject, dated 5, 15, and 23 Mard 1984.

2. Stuart Long, Chief of the Geology Section, and Robert John, Geologst,
from the Pittsburgh District Geotechnical Branch visited the Stonewall

Jackson Lake Dam site on 27 and 28 March 1984 to assess the progress of
excavation and check the logs of four-inch borings being drilled to confirs
final foundation elevations. As before, Pat Oshel of ORHCD-I met us at the
project. The borings logged on this trip were 219, 220, and 221.

2. In order to take advantage of the good weather on the 27th, the group

inspected the right abutment excavation shortly after their arrival.
Presplitting and production blasting for Monolith I excavation has been
completed to within approximately one foot of final foundation grade. The
downstream end of the right side of Monolith 2 has also been presplit to
this level. The rock faces exposed indicate a good blasting progrm
yielding entirely satisfactory results. The chain link protective fabric
required by the contract was being installed on the right side of
Monolith I when we were there* Two workers located on an enclosed platform
suspended from a crane were assisting in the installation.

3. As mentioned in the memo of 23 March 1984, borings 220 end 221 were
added to the drilling progra at the downstream end of the stilling basin.
five feet downstrem of the end sill. These borings were added to deter-
mine the orientation of a soft, slickensided claystone seam up to 0.5-foot
thick relative to dan and stilling basin foundation elevations. There had
been some concern that this seam would daylight just downstream of the dam,
but these borings confirm that it remains at a fairly constant elevation
throughout the spillway and stilling basin areas, ranging from 987.0 to
990.0. Competent rock umits lie on both sides of this claystone umit, and
the claystone seams to pose no threat, to stability. It is expected that
the final foundation of the stilling basin will be close to the originally

planned 998.0. Design engineers will be consulted as to whether they woul4
prefer lowering the foundation of the end sill key from 992.0 to below the
claystone seam.

4. Role 219 was one of the borings Pdded to the drilling program to

better determine the extent of the gouge and breccia zone found in
boring 207 from elevation 986.4 to 980.0. Hole 219 is approximately
75 feet upstream of Hole 207, both being located on the Landward edge of
Monolith 12 (see attached location map). Hole 219 was cored from elevatio
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ORPED-G 5 April 1984
SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

1023.3 to 970.0 and showed no evidence of the same type of gouge and brec-
cia that was found in 207. Rowever, there was a gouge zone at the very
bottom of the hole from 970.5 to 970.0 in an indurated clay umit. An
interesting discovery in Hole 219 was the presence of grout in a broken up
portion of a claystone unit from elevation 991.4 to 990.9.

5. Role 218 was still being drilled at the time of the visit. Apparently

there was some misunderstanding as to its location, and it was laid out
25 feet downstream of Hole 207, rather than 25 feet downstream of the
corner of Monolith 12 as it was supposed to be. This location places it
approximately 17 feet downstream of the corner of the mnolith. This
boring will be logged on the next visit to the dam site.

6. The Contractor has excavated work areas in the left abutment at the
locations of Holes 204 and 205, but as yet these holes have not been
started. Unless bad material is found at the bottom of the hole, they are
to be drilled to the depths originally indicated.

7. William Woodburn, Resident Engineer; William Hamric, Field Engineer;
and David Nugen, Project Geologist, joined the group for discussions on
founding elevations and excavation procedures. The first topic discussed
was the stilling basin excavation. Line drilling at the downstream toe of
the spillway monoliths is being done at the present time. The current
level of excavation in the slab area is not far from final proposed foun-
dation grade. Mr. Woodburn proposed that this area be cleaned up and then
covered with a few feet of shot rock so that the stilling basin foundation
will be protected while construction machinery is passing over it.
Presplitting of the stilling basin slab itself is not envisioned; it is
assumed only ripping equipment will be necessary. The foundations for the
training walls will require presplittiog, however, and this should be done
before the area is covered with the shot rock. After checking the logs of
pertinent borings, Mr. Long and Mr. Oshal agreed on founding elevations of
996.8 for Monoliths 20, 21, and 22 of the left training wall and 997.3 for
Monoliths 17, 18, and 19 of the right training wall. The final elevation
of the key at the end sill of the stilling basin will be determined after a
discussion with Design Branch.

8. The distinction between preliminary and final foundation cleanup and
inspection was discussed. It was agreed that preliminary cleanup would be
done without air or water jets over the entire foundation when the expected
grade is reached. Following inspection for major defects, the foundation
would be covered with plastic and sand as previously agreed on. When the

Contractor is reedy to pour concrete, the sand and plastic would be removed
and the final foundation cleanup with air and water jets, picks, brooms,
etc. would be performed. This inspection would be much mre detailed than
that done for the preliminary inspection. It is intended that foundation
cleanup would be paid for only once since the cost of preliminary foun-
dation cleanup is included in the contract price for overlying excavation.
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ORPED-G 5 April 1984
SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DCW59-83-C-0053

9. The epoxy coating specified in the contract to protect argillaceous
surfaces in the excavation is being applied on a trial basis on the land-
ward side of Monolith 1 excavation. The material being used is
Celtite 42-51 Hi-Seal epoxy resin emulsion, a water based material with
30% solids. The chain link fabric is being installed at such a rate that
the coating must be applied through it. No imvediate problems are evident
with this procedure, but its effectiveness will be monitored. The other
faces of the excavation are not being covered-at the-present time due to
water running over them.

10. The next visit is scheduled for the week of 9 April 1984.

1 Incl STUART B. LONG
as Chief, Geology Section

S ED
ORPED-G

ORPED-D
ORHCD-I
Resident Engr, Stonewall Jackson Lake
ATTN: ORHCD-Liaison
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ORPED-G 19 April 1984

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-C-83-0053

1. Reference Memoranda on same subject, dated 5, 15, and 23 March and
5 April 1984.

2. Stuart Long, Chief of the Geology Section, and Robert John, Geologist,
from the Pittsburgh District Geotechnical Branch visited the Stonewall
Jackson Lake Dam site on 10 and LI April 1984 to inspect the progress of
excavation and to check the logo of four-inch borings being drilled to con-
firm final foundation elevations. As before, Pat Oshel of ORRCD-I met us
at the project. The borings logged on this trip were 204, 208, and 218.
(See attached location map).

3. Because of apparent discrepancies, a survey crew was brought in to
determine the exact locations of Holes 207 and 218 relative to the axis of
the dam. As drilled, hole 207 is 65 feet downstream of the axis and hole 218
is 85 feet downstream of the axis. The original layout placed these holes
70 feet and 105 feet downstream of the axis, respectively; but a misunder-
standing resulted in Hole 218 being offset from hole 207 rather than the
corner of the monolith. Neither hole 208 nor 218 showed evidence of the
thick gouge and breccia zone found in Hole 207 from elev 986.3 to 980.0.

4. Based on available boring data, Mr. Long and Mr. Oshel tentatively
agreed on the following foundation elevations:

Monolith 10 Elev 987.0
Monolith 11 Elev 987.0
Monolith 14 Elev 1027.0
Monolith 15 Elev 1039.7

The upstream end of monolith 11 may require some special treatment due to

the presence of a clay and breccia zone found in boring 59 from elevation
988.4 to 986.0. Founding elevations for Monoliths 12 aud 13 were discussed
but no decision was made. This area is probably the most geologically
complicated area at the site with frequent discontinuous shear zones and
soft areas. A more detailed study of this area will he required before
final decisions on foundation elevations can be made.
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19 April 1994
ROOM Jcb k I +Oip Report, Contract No. DAC(59-C-83-0053

e5. M 7n _ Wtento the group observed rock blasting on the right
abutment iA **rea of Monolith 2. The Contractor followed all the
required safety precautions and the shot itself was properly executed.

6. The second day of the visit included inspections of the left and right
abutments and the area inside the first stage cofferdam. Recent spring
rains have increased the sliding problem on the left abutment. The slides
in the sloping areas above the rock buttress continue to worsen, and the
buckling of the gravel blanket has progressed to the point that there is an
approximate 5 foot scarp between the horizontal surface of the buttress and
the overburden above it. Inspection of the left abutment area above and
downstream of the buttress indicates the possible start of other slides
with recent ground separations evident along a line roughly parallel to and

above the dirt road leading up behind the top of the slope above the
buttress. The downstream extent of the potential slide area is approxi-
mately Station 19+00, near the upstream end of the paved section of the
access road. Many areas within this zone are saturated and show fresh
tension cracks and numerous new seeps. Conditions on this abutment should
be monitored frequently in the coming months.

7. Work is progressing well within the first stage cofferdam in the area
of the former river bed. Excavation by earth-moving equipment is con-
tinuing and the coal is being stockpiled and removed to the approved
disposal area. The left side of this area, a rock face corresponding to
the right side of the diversion channel, is geologically complicated with
many small scale folds and crushed areas present in the claystone and
siltatone units between the sandstone at the top of the cut and the coal at
the bottom. A survey crew at the site provided elevation readings on the
top of coal at intervals along this face. In the diversion channel itself
there is evidence of cracking of the gunite, and on the left side high
water has caused some erosion of the indurated clay above the gunite.

8. On the right abutment, Monolith 1 excavation is nearly complete. The
Contractor had crews cleaning up the foundation with water jets and shovels,
after which Mr. Long and Mr. Oshel conducted a preliminary inspection of
the surface. The landward side of the monolith and the corners will have
to be lowered approximately 11/2 feet to get below the red indurated clay and
into the underlying silty sandstone. There is a thin clay seam separating
these two units and the foundation must be below this seam. Aside from the
need for minor excavation and the presence of loose and drumy rock in some
places the foundation appeared good. High angle, rust-stained joints
running parallel to the valley are fairly common in this part of the abut-
ment, and their traces can be seen in the side walls as well as the floor
of the excavation. These joints may require some dental treatment prior to
final foundation approval. It was recomended that the Celtite protective

(R-50)



19 April 1984
t Stonewall Jackson Dan Trip Report, Contract No* DALCW59-C-83-0053

covering be applied soon to the argill -eous surfaces due to the reduced
quantity of water running down the aides of the excavation now.

9. Of the exploratory borings, only No. 205 remains to be drilled. The
next visit is planned after this hole is completed.

I Incl STUART B. LONG
as Chief, Geology Section
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ORPED-G 11 Kay 1984

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-C-83-0053

1. Reference Memoranda on same subject dated 5, 15, and 23 March and
5 and 19 April 1984.

2. Stuart Long, Chief of the Geology Section, and Robert John, Geologist,
from the Pittsburgh District Geotechnical Branch visited the Stonewall
Jackson Lake Dam site on 2 and 3 May 1984.

3. On 2 May the dam site was the location of a meeting of the Allegheny-
Ohio Chapter of the Association of Engineering Geologists and the American
Institute of Petroleum Geologists. The meeting was coordinated by Pat Oshel,
ORHCD-I. The group of approximately 40 heard a presentation on the overall
project by Mr. Bill Woodburn, Resident Engineer, followed by a talk dealing
specifically with the geology of the Weston area and the dam site presented
by Mr. Long. The group then toured the site. At this time the foundation
for Monolith 2 had been excavated approximately to grade and significant
progress had been made in the area of the spillway monoliths in the former
river bed, in addition to progress mentioned in previous memos. Group mem-
bers seemed very appreciative of the opportunity to view foundation prep-
aration procedures for a concrete gravity structure.

4. Preliminary foundation inspection of the Monolith 2 foundation was con-
ducted on 3 May by Messrs. Long, Oshel, Ramric (Field Engineer at the
Project), and representatives of the Contractor. This monolith will be
founded in a moderately hard sandy siltstoue. There are some high angle
joints and shears that can be traced down the side walls and across the
floor of the monolith, similar to those noted in Monolith 1. (See attached
drawing) These joints trend approximately N 29" E and are especially prev-
alent on the riverward side of the monolith. Workers were cleaning off
the foundation with water jets and such of the rust stained and broken
material within these joints was being removed. This leaves an irregular
surface on the riverward side that will require treatment with dental
concrete. In addition, Mr. Long proposed the installation of inclined rock
bolts along the top of the Monolith 2/3 vertical cut to stabilize the face
against any possible weakness caused by the jointing.

5. Two ungrouted six-inch core borings were found in the upstream right
corner of the monolith floor. One of these is presumably Boring 65,
drilled in 1972. This boring should hive been located in Monolith 1. The
field book for this hole shows a grout take of only three begs, indicating
a blockage of some sort occurred near the top of the hole and it was never
fully grouted. It is not known why there are two borings within six feet
of each other. The Contractor has been directed to grout both of these
borings.
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ORPED-G 11 May 1984
SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-C-83-0053

6. Excavation within the cofferdams for the spillway monoliths is pro-
ceeding well. The line drilling done at the downstream toe of these mono-
liths looks excellent. Monolith 9 has been drilled and blasted to grade,
but the area is still covered with the blasted rock. Drilling and blasting
are proceeding toward the right abutment. Water is entering the Monolith 9
area from two locations at the base of the coal, which has been shotcreted.
The source of the water is from the diversion channel. At the present time
the one pump is adequate to remove this seepage.

7. The core from hole 205 was examined by Mr. Long to confirm the project
geologist's logging. This was the final boring drilled under the contract
drilling program and represents the foundation in the downstream left
corner of Monolith 16. (See attached location map) Nothing unusual or
unexpected was encountered and the log corresponds very well with the log
of Boring 56 at the upstream center of the monolith. Based on these two
borings Mr. Long and Mr. Oshel tentatively agreed to raise the foundation
elevation two feet from 1058 to 1060 near the top of a silty sandstone unit.
Beginning approximately at elevation 1056.5 is a moderately hard, compact,
red claystone unit approximately seven feet thick.

8. At a meeting prior to returning to Pittsburgh, Mr. Baric raised
questions about the location of the grout iipples in the gallery. With the
exception of the abutment fans, the grout holes are to be drilled 20*
upstream and 20" toward the abutment from the gutter of the drainage
gallery. Mr. Haaric pointed out that at their designed location six inches
from the upstream face of the gutter, it will be physically impossible to
drill some of the holes due to the height of the downstream wall of the
gutter, which reaches a maximum depth of 20 inches in Monolith 8. Mr. flmric
suggested moving the center of the grout holes to a position two inches
from the upstream wall rather than six inches. Subsequent recalculations
in the Geotechnical Branch indicate this would alleviate the problem. To
attain the desired inclination, the holes should be drilled downward at a
270 20' angle from vertical along a plane 45" from the downstream face
of the gutter. With the center of the hole two inches from the upstream
wall, the holes can be drilled so long as the gutter is less than 23 inches
deep. Mr. Hamric also suggested that the collars be set at least 1/2 inch
below the gutter floor to prevent staining.

2 1c1 STUART LONG
as Chief, Geology Section
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1. M1ar~tall Fasolnd (Ma, hrle. Stevetnson (FD-23)~, and John ('ribat
visi.~ted 1j Stonewall Jack-s'u %t1z on. 16 .. m 1954. The purposCp,

besidesa Out of a 9.reral prog~ress Insection, war* to Iris-ect tbe can-
iftiod of tbe Dan Acess R~oad, ageSt 00c SCae Of the 120J811,10 Ahoy the
left abctment, vind review procedures for hrin-Zing the concrete batcb plant
to operatiznal etattis. Tcrsooncl at the site participatien in the vicit
activities ia whole or Is) part were tilll iloodboire (Resident Zngineer),
Red Hamcrick, Rodnapy Young (all OMdCt-S.'U), ant r~at 0whal sand Milt Christensen
(both CkaCI-I). Ohntos taken are attacsted.

2.The ?-'az Accse Szoad was mlke4. Considdrahle rail fines bad been eapoo-
Itad. 1b' i'ehict.lAr traff Ic on the surfacc of th.e aggregate have course over
the Vr; cedinq hlrjtecr 2144lo' test nits vcre Ju2 at six locations to
datermne tite deptS of conLaminstior. This ;!opcb appeared to meach a -Aaxi-
'l~ Of 1-1/2", anld WAS m~ore tyyrically 1/4'. Several apparent deficiencies
ware itiso ntd. Auofl2 these we~re tLDat the required removal aad replace-

l~~ent gf 1r"vyito rvn etwo-en Stat ion -1+16 aind approzlnate
Staion 3-100 had rtat heen accouplisAtad, and that required guardrail 'Imtvean
S~tation -1+M, anti approtimate Station 0+0*3 had not been Installat. rae
Project p.ersonnel 'were reainded of the DF, ORPEt-";* subject: Sicunlnoui
Paving - D)ea Acceas losil, dated 1 Decenber 1983, and the Pittsbwrgh
;lsLrictlar iesirr to have the r"4 paved wittbout any further Jelay was
amp'havizei. ecoue of the taodentiure& contaminiation diacuased above, a
rp-sul~t of the pries cortractor for the access road being unable to cooplae
the Work iri the fall of 1983, It wll saow be necetssary to strip and waste
th. upper Z.0' of mxinting bape course. After such renoval. the existiang
bae COUrac Shouldi be scant ted to a depth of 3, the ramovod 2r replaced
witb new material, and the vtaole recompactad macrdiss to specifications
prior to procoodInz with asvhAlt paving*. It was noted that the prime
contractor had been released several mnths aCo, but no final iaspectios
had oen held*

3. The left cabut~2ent laneslides nd rock huttress wart- walked. The hill or
raar tifte of the 1uttress had tea ' artially heavod tip by the Preseurn of
the sail It retained, but no Irdicetio" of disolacem2ent of the buttress, an
a ubolea wan nhaerv.de Numerovias 1ide sarap were m-.serveu both In the
wraded slort. Above tCie Irittrese .znj In tIe tvndisrtjrhed elope above sam to
t~ie w~rthVwaot of t'.a kzrote4 slope. :!&ter im. o'.,#ervexl zeeping froo caveral
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te,~e L4 3ve j.,crc~ktcc in t~r~e t~jo '.ev3 since Ire :tLewL1100 ':aj -ru-
a~!~ic~~Szerv,,4 It. Tne Citent 01 'klidlnt" At tus 1&17ievst 'Otl&t =n the

'All V28O Ut 4;) fes~c w O~rhll fro-. tLae All;nSent of a cor~uerclal ; ower
1!-c. 'Atr twc about rzieway Lvt.veen supertlin pales. -4* threat to the
;or lime Is .IMticipstad for the rc~.oinaer of thLs year at least.4 Mt hov-h
Core are niue'rott cracks and -scarps In th~e upper portion of the slide In
the uc~ra';e4 areat, Vaeso narrow --ad diappjear as one prn-resse down tiae
s lope. Wt'cre n~e slide aren Is crossgi !S? the laSt 5C. feet or to of Access

0&a , a oallew ctit %tone uli1ch fatcrueccs te beellrock-ovvrburdez too-
t.ict 0ritova %,2 Idicasri'3no of ?.DvC;30nz except f'or a r53511 slou-h believed to
1,t unrtl~ted to the --aj'.r rioveliszt. The alide Is not ex'.cte4 to deovelop
Siwnif±ic further rseat durinc th~is constr!%ctiov "eson, alt~Aciiih -an
1r.uIuully wet auswer coata L-actlivat2 It. Re=*acIsl zC0511*N nav Incluir
iVnstallAtin~ of a system of aubstirf',r orAinan and m1nor crading to close
crseks and 4Crp%* Such 'oric c&nntoc be initiaed~ until litte saamar After
a;'reciaSe o atural iryins bab acucrrede The .'ecivion as to v't'eCthe nr zot

to in~rei RLich reeqnres :my 1-a deley. at least until July or r'ussibly
e~yen antil Ov' second cnnsvtructo otes~zo to the :S&P*

A. Ttr coffnrdaris. *Fpeare4 In jentraliy satftiActry condition, czaop
ztt, 4 rtmqb over !Ivv n.oatks hzad olazpsed since their effective complo-
cloa, v'o xsush Zroiativx of u~c suriace mcn1me still had -tot twel
accomplial.ee It waa notedl V-at a etr..n 14*4 ara had tear created In Usle
crest of Cie upstrea.1 coffordAw to permic vehicle &ccasa tross Its -&h
cofferdam Ieoindationo appeareed etcepticrnally 4ry, uItb stlatual voapan.
entotisa; ao. x ~i orizontal saaa oboot trwre. feet %claw cap -of roco' below
rOe uaaree'z co!!erdsis. 1ao gei'use was noted ecterin; throug~h the ovarour-
-Iatuain of the ri.htatand portion of rho uipLroass cOiftcd&. ±Qst of
aucU infiltration an was imcrring vas, enteri~ding#I& the *.aae of the coal
son% at the bedrocL bloca bctvteu tic Phaa., I a ueavatirst and the liver-
mia chAnnel. TOtal ;nmpitg 'Ischarr&@ from the eavtCatioft was robvhtr
jwui'el nos about R70 ;;:"!.

5. F-cavatiou for the dzu Itself lgus Well aaderway., Re Witl@55@c2 t'le
f Inal shot as 'tonaltth 7. rinly '-oaojiths 5 a"~ 6 havo *at 1b2e a*to to
,Ira se Jetso&=v~tins for Phase L of the don ay be coupLete ' y 11 :&V.
')nly the foundatiaii for ?fomalitiis I and 2 have tad preliainarl cleaninpa
and approval sa cA this date. mia e.zcavacI's~z fo~r the stillIng t..%sin "o
Iltkewiso cotipleCe. gl.h cleassni~ n'Trse ?I.Qedeloo for Initial :'ono
11t. of rhe trasin: roll* are s-iectel to 1he readr for fLaal Qpj;roval
Jurian. O~e week wl 20 ray. The concrot# %iatch plaot tttatux Ws rt#Lie~.
A t~enarA1 -. sk* '4*v an~d Adjustmient -af rhvv ,14t is roceedialr- - - -Ales'
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nt~a on ite constste 4 only of :ia~1e,; -mr, ofe v!~e c'Incretie .AJG~

r-ccntly -;-ource fo~r st:rare 'at irot'*ctln ~r~~. 111 Siza :rtdacions
w.ere rtpremenred. ,a t- I~ais :#i visual exaR-ira1tionf of the ;zwterial pfles-
eut, an inpreusson vag formecd Vhat the perccntaga of flat/elockgoto par-
ticles ma*v e2xceed alltkvblU iuii in t~ie 3' an 1-1/2" i~x piles. AS s~pl*

11 1i cacred .'ro& Llrod"etiov oitock.piles ar th~e quarry by Ceocuc)Mical
!ir.-incla iursonvw.l ir the niext oppfortunity, aaJ nert to CO for a .cowjt",

rib attrex4 ttaec three wells %-, ' -en -'rilld fr cuncree mixinil
w-tter, 1 iat Vise ore had evi'iecty counimas-. T~ (;orcrctorgs £nIntioo is
to uzse the rc.,airing wells for restrvo sovray zrx to ohtin both rixi'zg m-14
washing rwater from~ a 1arce dia-e ter ;,ravel -- ickee .ell at thse river's cdge.
The lee P1&nIL Is nov ftinctionalb

6. The requirteconU for concretc tenntiw* prior to dce).rin;. the Imich
plant operational for rrod.:e?1om w-ere rCvi1Qu~ds 'A0e tr.oufrte-nts of the
Sneficatioi Sactions SDiO.) iAd M6i~.2.11 cvncernnp *aizlutg Lest* were
noted and4 th~e Intention a( t've 'Ittzbur,1h %st~arict thaut they be fulfilled

wsevmphasizedo Mdio specifically *-otcd mme the required avvs em da elay
sutseqkacnt to Co*Pletlon Of OPerabillt7 tctinZ, -Ice the necessity of
obtainiot cylinders for A seven--vAiy record break. AUI D1KtC) personnel1
objectedi to mhove ro~virecents very Lophatically, but %?,reed to coaply aUbr
jec.t to conversations witha 1A

as Chief, I.eutaa~idcal Braneb

CF:

ORPKD-D'. (W/O photos)
-_Oq r~~2wvo photos)

ORDED-G (w/o photos)
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ORPED-G 11 June 1984

KEMORMIDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-C-83-0053

1. Reference Memoranda on same subject dated 5, 15, and 23 March, 5 and
19 April and 11 May 1984.

2. Stuart Long, Chief of the Geology Section, and Robert John, Geologist,
from the Pittsburgh District Ceotechnical Branch visited the Stonewall
Jackson Lake Dam site on 24 and 25 May 1984 for the primary purpose of
inspecting monolith foundations at the site.

3. Preliminary foundation inspections had previously been conducted for
Monoliths 1 and 2. At the time of this visit, Monoliths 3 through 9 had
been shot to grade but were not sufficiently cleaned to allow for a prelim-
inary inspection. The floor of Monolith 3 was partially covered with water
entering through the coal seam exposed approximately one to two feet above
foundation grade. A similar situation was found in Monoliths 7, 8, and 9
due to water entering the excavation from below the coal in the rock block
adjacent to the diversion channel. The siltiness of the foundation rocks
promotes a tendency to crumble when exposed to wetting and drying cycles so
it is recommended that once preliminary inspections are performed the sur-
faces be protected as soon as possible. There is to be an approximately
two-foot high vertical step between Monoliths 6 and 7, but it appears this
surface is quite irregular and the step may have to be specially formed for
a "plug" pour.

4. The Contractor has excavated and graded overburden materials on the
left abutment below the rock buttress. This exposed a thick indurated clay
seam in the newly excavated slope below the base of the rock buttress.
While this condition seems to pose no threat to the stability of the
buttress at the present time, examination of material on the slope indi-
cates that the indurated clay deteriorates rapidly when exposed. Mr. Long
requested that this indurated clay unit be shotcreted soon to prevent it
from weathering back into the hillside, which would endanger the stability
of the rock buttress.

5. It was also recommnded that the Redstone Coal exposed by the Monolith 3
excavation be given additional protective coatings. This coal is up to
five feet thick in places. The three sides of the excavation have already
been coated once with the Celtite 42-51 Hi-Seal Epoxy Resin and Emulsion
and Mr. Long recomended that they be coatet two more times.
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S11 June 1984

VsJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-C-83-0053

6. The Contractor intends to place the first concrete at the project in
Monolith 21 of the left training wall. Concrete testing of sample batches
is required prior to declaring the batch plant operational and at the time
fof the visit these tests were being conducted by personnel of the

Huntington District and Charles Stevenson of this office. We observed the
Contractor constructing the form work for Monolith 21 and Monolith 22 in
addition to examining the foundation of Monolith 21 in its current state
prior to final foundation clean-up. The foundation appears to be in
generally good condition in a sandy siltstone unit but will require removal
of some drumny rock and loose pieces. A portion of the left end of the
shear key has been excavated and the results are good. The key extends
approximately six feet within the framework being set up for Monolith 22
and will eventually extend across the width of the stilling basin into
Monolith 19 of the right training wall.

7. Additional trips are planned for viewing preliminary or final foun-
dation clean-ups.

STUART LONG
Chief, Geology Section
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ORDED-G 11 June 1984

MEMORANDUM FOR THE RECORD

Subject: Trip Report, Stonewall Jackson Dam Safety Meeting,
Inspection of Foundations and Concrete Aggregate
Source.

1. On 30 May thru I June 1984, the undersiqned inspected
Monoliths 3, 4, 5, 6. 7, 8 and 9 foundations and the J.F. Allen
Quarry. See Attachment I for Agenda.

2. Purpose:

(a) attend Dan Safety meeting
(b) inspection of Phase I foundations of Monoliths 3-9
(c) examine Phase II core boring samples
(d) inspect J.F. Allen Quarry

3. Attendees:

(a) For Dam Safety meeting attendees see Attachment 2.

(b) The following attendees continued inspection of the
foundations and core samples on 31 May.

Mr. Stu Long, Chief of Geology, ORPED-GG
Mr. Pat Oshel, Geologist, ORHCD-I
Mr. Bill Woodburn, Resident Engineer, ORHCD-SWJ
Mr. David Nugen, Project Geologist, ORHCD-SWJ
Mr. Red Hamric, Chief of Inspection, ORHCD-SWJ

4. Background: During the visit of 27 and 28 February 1984, the
undersigned inspected the core samples, drilled by the
contractor,to select founding grades for construction of Phase I
monoliths 1 through 9. (Reference MFR, 14 March 1984). The
purpose of this trip was to inspect the uncovered foundation rock
and the J.F. Allen quarry.

5. Observations:

(a) On the morning of 30 May, Dam Safety group arrived
at the resident's office for a briefing before proceeding to the
site. Upon completion of the briefing the group inspected
the site. Monoliths 3 through 9 have been excavated to near
foundation grade and the contractor was beginning foundation

preparation in Monolith 9. During the inspection it was noted
that a bedding plane at the founding elevation of monolith 7 and
approximately 1.5 to 2 feet below Monoliths 5 and 6 appeared to
be open. See photograph 1. If this proved to be the case both
Monoliths 5 and 6 would have to be lowered. Also a shear zone
was quite evident at approximately elevation 989 in the
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downstream wall of Monoliths 5 through 9. See photographs 2, 3
and 4. This shear zone had been noted in borings 210, 211, 212
during the 27 and 28 February inspection. During the February
visit it was decided to drill two additional borings in the
spillway to determine the attitude of the shear plane. These
borings indicated that the plane had a very slight dip downstream
and did not daylight in the spillway area. See photographs
10 and 11. This shear plane is also under Monoliths 4 which is
founded at elevation 995.6. The rock behind most of this
monolith from elevation 995.6 to approximately 1010 had been
removed thus making a surface founding monolith. See photograph
12. The party inspected the near vertical rock cuts in Monoliths
2 and 3. See photographs 13, 14 and 15. Photograph 15 may
explain why correlation of the coal seam was difficult in some of
the areas during design.

(b) After lunch the group discussed the inundation and
warning plans, filling plan and the site inspection. Mr.
Armstrong (ORDED) expressed concerns on the stability of Monolith
4 since it will be founded above the shear zone and the
downstream rock behind it had been removed. Mr. John Gribar
(ORPED-DM) stated that stability analysis had been run at the
concrete/rock contact and the downstream rock was not needed.
Also since the shear zone located some eight (8) feet below the
founding elevation dips slightly downstream, the deep seated
stability analyses also proved stable. However, Mr. Gribar
stated that he would check the calculations and phone Mr. Long on
31 May 1984. The undersigned stated that the existing core
boring samples would be reviewed to determine the D/S attitude at
the shear zone and the condition of the bedding plane under
Monoliths 5 and 6. Based on these findings and Mr. Gribar's
telephone call, a decision would be made on the founding
elevations of Monoliths 4, 5 and 6. The Dam Safety meeting was
then adjourned.

(c) On May 31, 1984. the undersigned met with Mr. Long (ORPED
GG), Mr. Oshel (ORHCD-I) and Mr. Nugen (ORCDC-SWJ) to examine
core samples from borings behind Monoliths 4, 5, 6, 7 and 8 and
the borings in Phase II construction. The following are the
results of the examination of boring& located downstream of
Monoliths 4 through 9. For locations, see Attachment 3.

Borinq No. Monolith No. Founding EL. Shear Zone Photo No.

210 9 985 989± 5
211 7 985 989± 6&7
212 5&6 987.5 989t --

220 End Sill 996.8&992 986t 10&18
221 End Sill 996.8&992 987.6 11

*101 4 995.6 987.2 --

a 96 4 & 5 995.6 & 987.5 9861 --

*Note reviewed boring log only.
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Based on the above borings and exposures in the excavation, it w
determined that the shear zone dips slightly downstream toward
the right abutment. The 8 to 9 feet of rock above the zone
appears to be competent. See Photographs 2, 3, 5, 8, i0, 11 and
18.

(d) Core samples from boring 201, 214. 213, 212 and 211 war
examined to check condition of the bedding plane under Monolith 5
& 6. since it appeared to be open at the joint between Monoliths
6 and 7. See Photograph I. The bedding plane indicated no
weathering, soft material or openings. See Attachment 3 for
boring locations.

(e) Borings in the second phase contract were examined by
the group. These borings were drilled by the contractor to
confirm the selected design grades. Several borings in Monoliths
13, 14, 15 and 16 encountered shear zones indurated clay beds and
stress relief joints. To check the rock conditions downstream of
Monoliths 12 and 13 Boring No. 218 was drilled. See photographs
19 through 28. As of this date final grades have not been
established.

(f) June 1, 1984, the undersigned accompanied Mr. Hugenberg
(ORDED-G) and Mr. Stevenson (ORHED-G) for an inspection of J.F.
Allen quarry.

6. Discussion:

(a) Monolith 4: Mr. Gribar (ORPED-DM) telephoned Mr. Long
(ORPED-GG) the afternoon of 31 May 1984 and informed him that
Monolith 4 had been analyzed at the concrete/rock contact without
any passive resistance wedge and was found to be stable. Also
the deep seated sliding analysis along the shear zone (Elevation
989.) was stable.

(b) Mr. Gribar also stated that the analyses of the
concrete/rock contacts for Monoliths 5 and 6 using no paasive
resistance wedge were stable.

(c) Upon returning to the Division office on Monday 4 June
1984. the undersigned discussed the shear zone with Mr. Gaddie
and Mr. Ray (ORDED-T). Mr. Ray expressed concern that if a
powerhouse was later constructed the foundation could possibly go
below the shear zone causing Monolith 4 to become unstable.
Since the contractor was preparing to place concrete in Monolith
9 and to avoid delays, it was decided to telephone Mr. Gribar for
information on what criterion was used to analyzed the shear
zone. Mr. Gribar we reached at the site the afternoon of 5
June and he reconfirmed that the sliding analysis of the shear
zone proved stable using the passive wedge of siltatone above the
plane. Mr. Gaddie informed Mr. Gribar of our concerns about the
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stability of Monolith 4 if. in the future, a powerhouse became a

reality. Mr. Gribar stated that it would be the proposing
private sector's responsibility to take the necessary steps to

assure the integrity of the dam. Mr. Gaddie and the undersigned
concurred.

7. Conclusions:

(a) Based on the sliding stability analyses.; the core
borings and the rock wall behind Monoliths 5, 6. 7, 8 and 9.
Monolith 4 will remain at the present founding grade (Elevation
995.6). Any future powerhouse construction will have to consider
the shear zone.

(b) After reviewing the borings and the sliding analysis
results given to Mr. Long by Mr. Gribar , Monoliths 5 & 6 will
remain at the present founding elevation of 987.5.

(c) Borings in Phase II construction revealed several shear
zones, stress relief joints and indurated clay beds. The above
data needs to be compiled and studied before selecting the final
grades.

8. Future Actions:

(a) Once the Pittsburgh District compiles the date, a
meeting including structural and geotechnical members of ORPED,
ORDED, OCE and ORHCD should be scheduled in August 1984 for the
purpose of reviewing the foundation grades selected by the
District. Reference paragraph 7(c).

(b) The resident office should continue to protect exposed
rock walls and foundations. Detail foundation mapping and
hmtgaphy should be kept up to date.

9. The undersigned would like to express his appreciation to

Pittsburgh/Huntington Districts and Project personnel f£or their
efforts and cooperation in making this a very informative and/
productive site visit. Also, he commends the project personnel/
othe control blasting of the vertical rock walls.

CHARLES G. CANN G
Division Geologist

CF: ORDCO
ORDED-T
ORPED-G
ORHCD-I

ORHCD-SWJ
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ORPED-G 22 June 1984

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-C-83-0053

1. Reference Memoranda on same subject dated 5 March through 11 June 1984.

2. Stuart Long, Chief of the Geology Section, and Robert John, Geologist,
from the Pittsburgh District Geotechnical Branch visited the Stonewall
Jackson Lake Dam site on 12 June 1984 to approve the foundation and observe
the placement of concrete in Monolith 7.

3. By the time of our arrival on 12 June the foundation for Monolith 7 had
been cleaned and was ready for final approval. After removal of some
drui-ny rock and more extensive air-water jetting, Mr. Long approved the
foundation. The final foundation surface is fairly irregular due to the
undulating character of the sandstone and siltatona of which it is com-
posed. Dave Nugen, project geologist, estimated that the average foun-
dation elevation would be approximately 0.9 foot below the designed grade
of 985.0. Boring 62 at the upstream end of the monolith had apparently
been grouted prior to construction with poor quality grout and a small
quantity of water was entering through this hole. NX Boring 43 was also
encountered and required cleaning out to a depth of seven feet followed by
backfilling with neat cement grout.

4. Concrete placement (3 inch max size aggregate) began at approximately
9:45 A.M. on 12 June at the downstream end of the monolith. Prior to the
concrete, a thin layer of grout is placed over the foundation to provide a
better bond between rock and concrete. Concrete is delivered to the site
from the batch plant in two buckets of four cubic yards each. carried on
trucks. The time required to fill the two buckets was approximately five
minutes at the time this procedure was observed. The contractor had three
men operating the vibrators after each bucket is unloaded and each load is
one foot to 11/2 feet high after being leveled out. The overall appearance
during the placement is one of terraces extending from the downstream end
to the upstream end. As of 10:00 P.M. on 12 June it appeared that the
first lift of this monolith was 75% complete. Placement had been con-
tinuous all day and would continue until completed.

5. A few problems were noted with the placement of concrete in Monolith 7.
It was a sunny day with temperatures near 90* on the day of the visit,
making it impossible to keep the foundation wet for any length of time.
The part of the foundation that is a shaly siltstone tends to deteriorate
fairly rapidly under wetting and drying conditions with the top layer
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ORPED-G 22 June 1984
SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-C-83-0053

slaking off in small pieces. Theses areas required continuous cleaning
during the day. It also appeared that there was a problem with segregation
of the aggregate in some of the concrete. It is assumed that the problem
does not lie in the proportioning procedure since the computerized batch
plant virtually guarantees proper proportioning of concrete components.
The contractor was made aware of the District's concerns in this matter.

One possible solution mentioned was altering the way in which the concrete
is dropped from the mixers into the discharge hopper. It was also noted
that there were times when the concrete buckets were opened at too great a
height above the previously placed concrete.

6. The first lift of concrete placed in Monolith 9 was observed. There is

a lenticular void or small honey-combed zone at the upstream right corner
of the monolith upstream of the water stop. It has some water flowing
through it and should be treated soon. It appears that the foundation for
Monolith 8 is going to be even more irregular than Monolith 9 when it is
cleaned up. There is an especially large depression near the upstream end
that may require a special plug pour.

7. Shotcreting of the indurated clay below the rock buttress on the left
abutment has been completed and the results look good. There are a few
areas where water is seeping out of holes in the shotcrete. This water is
not doing any damage and it may even be a good idea to add a few more holes
to facilitate drainage behind the shotcrete. The slides above the rock
buttress appear to have stabilized with the onset of dry, warm weather.

8. Project personnel indicated that the next concrete placed would prob-
ably be the next lift of Monolith 9, although it is possible the work may
move to the remaining left training wall monolith or Monolith 5 depending
on the speed at which clean up progresses. Further site visits are planned
as foundation preparation proceeds to concrete placement.

" STUART B. LONG

Chief, Geology Section
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ORDED-G 5 September 1984

MEMORANDUM FOR THE RECORD

SUBJECT: Trip Report, Stonewall Jackson Dam
Inspection of Left Abutment Phase II Construction
Core Samples and Selection of Founding Grades

1. On 27 and 28 August 1984, the undersigned and Thurman Caddie
(ORDED-T) met with personnel from OCE, ORPED, ORHED and ORHCD-SWJ
to inspect core samples and the left abutment.

2. Purpose: The purpose of the trip was to inspect the core
samples taken from the left abutment by the contractor, visit the
site and select the founding grades for monoliths 10 through 16.
See Attachment 1 for agenda.

3. Attendees:

(a) Pete Hart Geologist OCE
(b) Bob Smith Structural Engineer OCE
(c) John Gribar Structural Engineer ORPED-D
(d) Joe Coletti Chief, Design Branch ORPED-D
(e) Marshall Fausold Chief, Geotech. Section ORPED-G
(f) Stu Long Geologist ORPED-G
(g) Bob John Geologist ORPED-G
(h) Thurman Caddie Structural Engineer ORDED-T
(i) Charlie Canning Geologist ORDED-G
(j) Joe Turner Chief, Inspection Br. ORHCD-I
(k) Pat Oshel Geologist ORHCD-I
(1) Bill Woodburn Resident Engineer ORHCD-SWJ
(m) Dave Nugen Project Geologist ORHCD-SWJ
(n) Red Hamric Chief of Inspection ORHCD-SWJ

4. Background: During the meeting of 30 May thru I June 1984,
the writer and Stu Long (ORPED-G) inspected the Phase II contract
boring samples for the left abutment. Some of these additional
borings confirmed the grades selected during design. However,
borings in monoliths 12, 13 and possibly 16 indicated the design
grades in these monoliths required a more indepth review of the
geology. The writer recommended to Pittsburgh District that they
should compile the additional data and schedule a meeting with
structural and geotechnical members of OCE, ORDED, ORPED, ORHCD
and ORHCD-SWJ for a review of final grade selection.

5. Observations:

(a) OCE and ORDED members were met at the airport by Stu
Long and Bob John (ORPED). The group proceeded to the core
storage warehouse on Neville Island for a review of the compiled
geotechnical data and core inspection. Stu Long and Bob John
briefed the group on the results of additional boring data and
their recommendation for final founding grades. They had
prepared a number of geological sections at various orientations
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to the dam axis depicting several problem areas in monoliths 12,
13 and 16. The remainder of the day was spent inspecting the
core samples and discussing the founding grades. At 1600 hours
the group departed for Stonewall Jackson.

(b) The morning of 28 August, Mr. Long briefed the ORB and
ORP members not present at the core inspecting, on the previous
day meeting. He then presented the following founding grades
that had been agreed to during the core inspection on 27 August.

Monolith No. DesiRn Grade Final Grade

10 985 985
11 987 985
14 1027 1027
15 1040 1040

The remaining monolith grades(12, 13 and 16) were presented
with several geological discrepancies that had caused
some doubt as to the original design grades being pointed out.

The following grades were open for discussion:

Monolith No. Design Grade Final Grade

12 990 990
13 1018 1000
16 1058 1060

There is some question as to Monolith 12 remaining at Elev. 990
as Boring 207 encountered a sheared and crushed zone and soft
claystone from elevation 986 to 980 (for bbring locations see
Attachment 2). To determine the attitude and extent of this zone,
Boring 218 was drilled approximately 20 feet downstream of Boring
207. Boring 218 encountered only a small zone of claystone with
occasional slickensided surfaces at Elev. 981.9 to 980.7. (See
Photo Nos. 20, 21 & 22.) Boring 108 did reveal a soft clayshale
at Elev. 981.3 to 979.7 that contained some slicks. However,
Borings 208 and 219 did not encounter any soft zones at these
elevations. (See Photo Nos. 14 & 15). Bob Smith (OCE) asked John
Gribar (ORPED) about the stability of this monolith. John
Gribar stated that considering the depth of burial the sliding
factors of safety range between 5 and 7, and bearing loads were
well within the bearing capacity of the rock. Bob Smith stated
that since stability was not an issue his main concern was the
possibility of excessive seepage within the shear zone.

The group discussed lowering monolith 13 from Elev. 1018 to 1000.
Stu Long (ORPED) went over the borings and geological sections
indicating some soft material (claystone and coal) would be in
the vertical rock face between monolith 12 and 13. See
photographs 10 through 20. Marshall Fausold (ORPED) asked if the
reason for lowering the foundation was stability. John Gribar
stated that the sliding factor of safety was high when taking the
depth of burial into consideration. Bob Smith (OCE) stated that

(R- 70)



it appeared that either founding elevation would be satisfactory
as far as stability was concerned. The writer stated that his
main concern was maintaining a 28 foot vertical wall in the weak
coal and surrounding soft sheared claystone. He recommended
that the monolith be lowered to Elev. 1000 thus moving the face
farther back into the abutment. Core borings indicate that as
you move back into the abutment the rock becomes sounder. See
photographs 1 through 3, 7 through 20 and Attachment 2 for boring
locations.

The group next discussed monolith 16. Thurman Gaddie stated his
concern that we would not be able to maintain the vertical wall
between monoliths 15 & 16 due to the deterioration of several
clay beds exposed for most of the construction period. See
photographs 4, 5 and 6.

(c) Following the briefing and discussion, the group visited
the site to inspect existing rock faces excavated during Phase I
construction. Exposures of similar material located in the right
abutment and in the left bank of the diversion channel gave some
indication as to the type rock structure and its physical
characteristics expected to be encountered in Phase II
excavations. See photographs 23, 24 and 25.

6. Discussions:

(a) After lunch the group discussed what had been seen in
the field. Stu Long (ORPED-G) briefly stated the conclusions

reached during the morning meeting on the founding grades for
monoliths 10, 11, 14, and 15. The grades for monoliths 12, 13
and 16 were still open for discussion.

Bob Smith (OCE) stated that since the problems with monoliths 12,

13 and 16 were not structural but related to construction
excavation of the vertical faces, design grades or proposed final
grades would be suitable. Pete Hart stated that the design
grades should remain as the final grades. He proposed that
during excavation the faces could be inspected and if necessary
moved back into the abutment. Bill Woodburn, Pat Oshel, David
Nugen and Joe Turner of Huntington were in disagreement with this
approach as it could be interpreted as a changed condition. Bill
Woodburn informed the group that he favored lowering the grade
for monolith 13 to Elev. 1000, which would move the 27 foot
vertical face farther back into the abutment. The cost of the

additional excavation and concrete would be approximately
$150,000 to $160,000 compared to a possible costly change
condition claim with all its ripple effects. The writer stated
that after reviewing the borings and site visit all indications
were that the rock would improve as you go back into the

abutment. Therefore, the foundation should be lowered to Elev.
1000. This would also assure tighter rock faces at monolith
joints 12, 13 & 14 to aid in reducing possible seepage. See
photographs 10 through 20 for rock material between Elev. 1018,
1000 and 990.
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Marshall Fausold and Joe Coletti (ORPED) recommended additional
drilling before selecting the final grades.

(b) Monoliths 12 and 16 founding grades were discussed by
the group. The shear zone in the left downstream corner of
monolith 12 is more of a seepage problem than structural. The
vertical face between monoliths 15 and 16 may give trouble due to
the indurated clay layer. However, based on the condition of the
indurated clay beds encountered in monolith 1, the founding grade
for the monolith would remain as proposed by the Pittsburgh
District. See photographs 24 and 25.

7. Conclusions: The group mutually agreed on the following:

(a) Monoliths 10, 11, 14 and 15 will be founded at the
proposed elevations of 985, 985, 1027 and 1040, respectively.

(b) Based on the core recovery, the condition of the
indurated clay beds exposed in the right abutment and the small
size of the structure, monolith 16 will be founded at Elev. 1060
as proposed by Pittsburgh.

(c) The final grades for monoliths 12 & 13 will be selected
after additional drilling. For location of additional borings,
see Attachment 2.

8. Future Actions: The Pittsburgh District will arrange to drill
borings in and around monolith 12 and along the monolith joint
line between monoliths 12 ind 13. Borings encountering the shear
zone will be pressure tested. Upon completion of the
investigation, Pittsburgh District will contact Division and
arrange a meeting with personnel from OCE, ORDED-G, ORHCD-I an&
ORHCD-SWJ. Final grades for the above monoliths will be selected
at that time.

The writer wishes to express his appreciation to Stu Long and Bob
John for a well prepared and informative briefing. Also his
thanks to the Huntington District for their assistance and
cooperation.

CHARLES G.
Division Geologist
ORDED-G

CF:
ORDED-T
ORDCO
0 PED-G
JFRPED-D
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ORPED-G 12 September 1984

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

1. Reference: Memoranda on same subject, dated 5 March through 22 June 84.

2. A geotechnical and structural review of foundation elevations for
Monoliths 10 through 16 on the left abutment at Stonewall Jackson Dam was
held 27 and 28 August 1984. Tentative elevations had previously been
selected regarding these foundations. This meeting was set up to confirm
the elevations selected through discussions between structural and geotech-
nical representatives from the Office of the Chief of Engineers, the Ohio
River Division, and the Pittsburgh and Huntington Districts.

3. Representing OCE in the geotechnical and structural disciplines were
Mr. Pete Hart and Mr. Bob Smith, respectively. Mr. Charlie Canning and
Mr. Thurman Caddie represented ORD in the same areas. They were met at the

airport by Messrs. Stuart Long, Chief of the Geology Section, and Bob John
of the Pittsburgh District Geotechnical Branch, and traveled to Neville
Island (PEWARS) for a briefing on the background of the Stonewall Jackson
project and progress there to date. Following the briefing, the group
viewed the core borings from the left abutment which had been laid out at
the warehouse, concentrating on the 200-series borings drilled in February
and March of 1984 as part of the dam contract. While viewing the core, the
group also analyzed geologic cross sections of the abutment prepared by the
Pittsburgh District and three-dimensional sections prepared by Mr. Canning.
Following the review of the core borings, the group traveled to the project.

4. Joining this group at the dam site for a site visit and meetings on
28 August were the following:

Pat Oshel ORHCD-I
Bill Woodburn ORHCD-SSJ, Stonewall Jackson Resident Engineer
Dan Nugen ORHCD-SSJ, Project Geologist
Red Hamric ORECD-SSJ, Field Engineer

Joe Turner ORHCD-1
Marshall Fausold ORPED-G, Chief, Geotechnical Branch
John Gribar ORPED-DM, Chief', Structural Section
Joe Coletti ORPED-D, Chief, Design Branch

Mr. Long opened the meeting with a summary of the previous day's review of
the core borings and sections. The left abutment is characterized by gouge
and shear zones of varying thickness and continuity, unlike the right abut-
ment which was relatively free of such weak areas. In general, the shears
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ORPED-G 12 September 1981
SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

are oriented such that they dip down into the abutment and also dip down
slightly in the upstream direction. The left side of the diversion channel
excavation above the shotcrete provides a good example of the type of sheart
and weak seams that appear to extend under the abutment. They are a proble
primarily in only the Monolith 12 and 13 foundation areas; due to their
orientation they will be excavated in Monolith 10 and 11 and be far below
foundation grade in Monoliths 14 through 16. Mr. Long proposed the
following foundation elevations:

Monolith 10 985
Monolith 11 985
Monolith 12 990
Monolith 13 1000
Monolith 14 1027
Monolith 15 1040
Monolith 16 1060

The proposal to lower Monolith 13 from 1018 to 1000 was the major change
from the original plans and specifications and became the main topic of
discussion for the rest of the meeting. The sections and borings show that
there are frequent clay gouges, shears, and areas of core loss in the
Monolith 12 and 13 area from elevation 1015 down to 1000. The Redstone coal
is also located in this zone. Those in favor of lowering the foundation
feel that if there is any doubt as to the competency of the rock, it should
be taken out, adding that it would probably be cheaper to do this now than
to have the foundation shot to 1018 and then decide to lower it. Others in
the group questioned the need to lower the foundation at all. Their major
contention is that even at 1018 there is a minimum of 20 feet of embedment
into rock for this monolith, and the computed factor of safety is a minimum
of 7.46 (for Case IV - Flood Discharge Condition). Sliding stability at a
weak seam under Monolith 12 was analyzed and showed a factor of safety
greater than 10; however, Monolith 13 was not analyzed in this way. After
further discussion, it was generally agreed that neither sliding stability
nor settlement warrant further concern. Underseepage through the fractured
zones was noted as a potential problem in that a high inflow to the gallery
through foundation drains could require excessive pumping. The principal
concern, however, focused on the risk of losing the excavated face between
Monoliths 12 and 13 if the founding elevation of 13 is not lowered to 1000.

5. As far as underseepage is concerned, should the Monolith 13 founding
elevation be kept at 1018, a few possible measures to alleviate any poten-
tial problem were discussed. Among these were an angled grout curtain
upstream of the monolith face and additional drains constructed through the
dam. Such grouting would have limited effectiveness in gouge zones but it
would provide additional seepage cutoff in the case of vertical fractures ot
open planes. Where the clay filling of the gouge zones limits grout effec-
tiveness, it should likewise inhibit high flow.

2
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SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

6. There was much discussion about maintaining the vertical step between
either Monolith 12/13 or 13/14, depending on which founding elevation is
selected for Monolith 13. The vertical face in question would be either
28 feet high between 12/13 (if 13 is kept at 1018) or 27 feet high between
13/14 (if 13 is lowered to 1000). The point was brought out, particularly

by Mr. Canning, that near-surface rock tends to become more competent
further back into the abutment, thus increasing the chance of successfully
maintaining the face. It was agreed that the contractor had done a very
good job of excavating and maintaining vertical face. in some poor quality
rock during Stage I excavation. The final result of the meeting as far as
Monoliths 12 and 13 founding elevations are concerned was a decision to
drill four more borings in this area, one each at the downstream ends of
Monoliths 12 and 13 and two on what will be the joint between Monoliths 12

and 13. These will be drilled to confirm 990 as the founding elevation for
Monolith 12 and to better determine the quality of the questionable rock
between elevations 1018 and 1000. Crown Pressure Grouting, the firm that

did the additional drilling under the dam contract, will be contacted about
returning to the site to drill the four additional holes. In addition, the
Huntington and Louisville Districts and the Waterways Experiment Station
will be asked about the availability of their drill crews.

7. Mr. Hart requested that OCE and ORD be advised when the drilling is
completed in order that they may review the borings and logs with the
Districts. They will evaluate the quality of the rock and determine whether

it appears more competent than that represented by the core examined at
Neville Island on 27 August. If such distinct improvement is confirmed, a

founding elevation for Monolith 13 of 1018 will be confirmed; otherwise it

will be lowered to 1000.

8. The foundation elevations proposed by Mr. Long for Monoliths 10, 11, 14,
15, and 16 were approved. There was some concern about founding Monolith 16

above an indurated clay/claystone unit, but the borings indicate that the
siltstone cap on which 16 will be founded, and which overlies the claystone,
is continuous over the foundation. It is four to six feet in thickness and
the claystone itself appears to be competent. In addition, Mr. Gribar

pointed out that at the founding elevation of 1060 there is already 25 feet
of embedment for a monolith 42 feet high and the factor of safety for

Monolith 16 as designed was high. Founding Monolith 16 at 1060 was approved

contingent on treating the vertical face between Monolith 15 and 16 to pro-
tect it until concrete is placed. Celtite Epoxy Resin will probably be used
rather than shotcrete.

STUART B. LONG
Chief, Geology Section

3
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MEHORANDL FOR RECORD

SUEJECT: Stonewall Jackson Dan Trip Report, Contract No. DAC.59-83-C-0053

1. Reference Memoranda on came subject, dated 5 March through 12 September
1984.

2. Inspections of the foundations for Monoliths 4 and 2 were conducted by
personnel from the Pittsburgh District Geotechnical Branch on 15/16 August
and 5/6 September 1984, respectively. Monolith 4 was inspected by

Charles Stevenson, Civil Engineer, and Robert John, Geologist, and Monolith 2
was inspected by the latter and Stuart Long, Chief of the Ceology Section.

3. The foundation for Monolith 4 was closely inspected for excessive
breakage of the foundation rock caused by the fact that the naul road
passed over it prior to the final excavation. However, the inspection did
not show any apparent rebounding phenomena or excessive breakage at foun-
dation grade. There were naturally occurring joints and fractures in the
foundation, oriented primarily east-west (diagonally across the foundation)
and upstream-downstream. A small quantity of water was entering the exca-
vation from a horizontal fracture in the foundation located near the
downstream end of the monolith to the left of the center line. The final
foundation was generally a sandy siltstone with occasional hard, black,
siliceous nodules. After the loose material in the fractured zones was
removed and the surface cleaned with water jets, the foundation was approved
for concrete placemenp.

4. rhe approval (subject to resolution of District comments) of the
Contractor's VE proposal to utilize Monolith 4 for diversion during the
second stage of construction resulted in the first lift of this monolith
covering a larger area than originally designed. (See attached photo and
map.) In order to prevent possible undercutting from water cascading over
Monolith 4, concrete was placed on the roughly triangular area indicated at
the downstream end of Monolith 4. The formwork for this area can be seen
in the picture extending downstream from the edge of Monolith 5.
Foundation clean-up for this section war-not as extensive as that for the
rest of the monolith but the foundation was taken down below the coal into
the underlying claystone and siltstone. Subsequent lifts will revert back
to the orizinally designed dimensions.

5. Final foundation preparation for tonolith 2 was more complicated than
that for Monolith 4. As mentioned in the memorandum of 11 May 1984, the
left side of this foundation is characterized by subparallel weathered
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fractures and a fault plane. This results in a very irregular foundation
once the broken and rust-stained material associated with these zones is
renoved. The fault trace could be followed on all three side walls as well
as the foundation and there was a small amount of water entering the exca-
vation through it on the landward side. Mr. Long requested that the work-
men cleaning the foundation be especially diligent in removing the clay
gouce and rock fragments associated with these fractured zones and
sugeested using air and water jets with Tiore power than the ones they
Started with. It was important that these zones be cleaned out properly
since some of them extend the whole length of the ronolith nnd could form a
continuous upstream/downstream seepage path. Also prior to concrete place-
ment, two six-inch borings and an angled NX boring at the upstream end of
the monolith had to be regrouted.

6. The initial placement of concrete in Monolith 2 was observed following
approval of the foundation. As usual, a thin layer of grout was placed
over the part of the foundation where concrete was to be placed. The deep
crevices left in the foundation after removal of loose and broken rock in
the fracture zones were filled with 3/4 inch top size aggregate concrete
and vibrated to work the grout down into the crack. Mr. Woodburn, Resident
Engineer at the project, indicated that the entire first lift on Monolith Z
would have 1-1/2 inch maximum size aggregate rather than the usual three
inch size.

7. Aside from the training walls and stilling basin monoliths, ionolith 1
is the only foundation in the Stage 1 construction lacking a final approval
of the foundation. A preliminary inspection was done in mid-April when it
was first shot to grade. Concrete placement in this monolith is scheduled
for later this fall, at which time the foundation will be reinspected.
Rust-stained joints and fractures similar to those encountered in the
Monolith 2 foundation are expected.

1 Incl ROBERT JOHN
as

CF:

ORPED
ORPED-C
ORPED-D

ORI1CD--I
OWHCD - Liaison
ATTN: Resident Engineer

Stonewall Jackson Lake Dam
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ORPED-G November 1984

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

1. Reference: Memoranda on same subject dated 5 March through

14 September 1984.

2. Stuart Long, Chief of the Geology Section, and Robert John, Geologist,

of the Pittsburgh District Geotechnical Branch visited the Stonewall

Jackson Dam project on 16 and 17 October 1984, for the purposes of
inspecting the foundation of Monolith 1 prior to concrete placement and
logging the rock core from borings 222 through 226. These five borings
were drilled as a result of the geotechnical and structural review of left
abutment monoliths held on 27 and 28 August 1984 (Reference 12 September
1984 memo). Their locations are shown on the attached map.

3. The foundation for Monolith 1 was a bluish gray silty sandstone.
Four major joints and associated smaller joints were revealed in the river-
ward half of the foundation. These joints ran upstream/downstream,
trending roughly N 40* E. They were rust stained and filled with broken
rock fragments, similar to those found in the Monolith 2 foundation
although the zone of weathering did not seem as wide or as deep as that
associated with the Monolith 2 joints. The joints in the floor of
Monolith I ranged from two inches to eight inches in width at the surface
and appeared to be nearly vertical. Material in the joints was loosened
with a jackhammer, after which the joints were cleaned out usLng air and
water jets under high pressure. This system proved to be very effective at
removing loose material. The side walls of the'excavation were also hosed
down. Grout was broomed into the fractures -prior to concrete placement but

in general, the foundation was not nearly as'rregular as that in Monolith 2
and dental concrete was mot necessary.

4. The decision had been made at the geotechnical review meeting on

27 and 28 August to drill more borings in the vicinity of Monoliths 12

and 13 before determining final foundation elevations for these monoliths.
The foundation for Monolith 12 has tentatively been set at elevation 990
but shears and broken zones found in boring 222 between 990 and 987 indi-

cate that at least the downstream end may have to be lowered somewhat.

Borings 223, 224, and 225 all show frequent shears and broken zones between

elevations 1020 and 1005. Boring 226, located on what will be the joint
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batveen )'-onolitbs 13 and 14, indicates that the rock Is appArently becoming
"ore compatent as distance into the abutment increases. It appears that

uainainina the Z7-foot vertical face between onaliths 13 a n 1.4 (it
Monolith 13 is lowcred to 1000) voold r-ot present any najor probleas other
than so"a rock boiting and the application of A protective coatin&.

5. A uore detailed study of chic area Incorporating the now borings into

eistlng geologic sections will be done soon, ater vhich another geotech-
nical review vith represeststives fro OCE and O1D ill be held. At that

tiae, a final decision on the Hoaaolth 12 and 13 foundation& will be nade..

6. The only foundations wichL the first stage cofferdas that are lacking
- . . initial concrete placament are In the stilling basin and right training

wall. Additional trips to the project are planned as york in these areas:
* ,. progresses.

.. hZ? 5. - .-,.-"STUART beO=

Cbitf, Geology Section

Cl:.

ORPED
* OKPK)-G" -"---

OLPZD-D-

L'Q &M - Liaison; 4-
ATrI: Resident Engr lk a

! _Stonikll Jackson Lake Dan

(R. 8.0
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ORPED-G 5 December 1984

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report Contract No. DACW59-83-C-0053

1. Reference memoranda on same subject dated 5 March through 6 November
1984.

2. The geotechnical and structural review of foundation elevations for
left abutment monoliths at the Stonewall Jackson Dam project, held on
27 and 28 August 1984, left unresolved the final founding elevation for
Monolith 13, pending the results of the drilling of additional core borings
in this area. The foundation of Monolith 13, as designed, is 1018, but the
presence of frequent shears and weak zones between elevations 1015 and 1000
in the left abutment had led to a proposal to lower the founding elevation
to 1000. As noted in the 12 September memo, the principal concerns were
underseepage from the reservoir through this fractured and sheared zone and
the problems associated with trying to maintain a vertical cut face between
Monoliths 12 and 13 in this type of material. It was agreed at that time
that sliding stability would not be a problem regardless of which founding
elevation was selected, because the monolith is deeply embedded in rock
even at 1018.

3. The five additional borings were completed by 9 October 1984 (see
attached location map for their locations). After review of the core
borings by Stuart Long and Bob John of the Pittsburgh District,

Geotechnical Branch, the boxes were shipped to the Neville Island warehouse

and another geotechnical ana structural review meeting was set up for

27 and 28 November 1984. The first part of this review was held at Neville
Island (PEWARS) with the following people in attendance:

Peter Hart OCE, Geologist
David Hammer ORD, Chief, Geotechnical Branch
Joe Coletti ORPED-D, Chief, Design Branch
John Gribar ORPED-DM, Chief, Structural Section
Marshall Fausold ORPED-G, Chief, Geotechnical Branch
Stuart Long ORPED-GG, Chief, Geology Section
Pat Oshel ORHCD-I, Geologist
Bob John ORPED-GG, Geologist

4. The meeting opened with discussions on the results of the previous

review in August and remarks on the latest drilling program by the ORPED-G

representatives. The group then had the opportunity to examine geologic
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ORPED-G 5 December 1984

SUBJECT: Stonewall Jackson Dam Trip Report Contract No. DAC459-83-C-0053

sections both parallel and perpendicular to the axis of the dam in the area
of Monoliths 10 to 14, prepared by ORPED-G, including a three dimensional
representation. Correlation of the borings indicates that the zone con-
taining sheared and otherwise disturbed rock is continuous through the
abutment ranging in elevation from approximately 1002 to 1016. This zone
also contains the Redstone Coal. The additional borings confirmed the
existence of this fairly continuous zone of weak and fractured material
which would be below design foundation grade in Monolith 13. The group
then examined the core from these new borings 222-226 as well as from the
older borings still laid out from the first phase of the construction
drilling (especially 203, 206, 207, 218, and 219).

5. Mr. Long, with Mr. Oshel's concurrence, proposed that the foundation
of Monolith 13 be lowered from its design elevation of 1018 to 1000. While
the stability of the monolith is not really an issue due to its deep embed-
ment, he noted that he still would not be comfortable founding a monolith
above a zone with so much sheared and fractured material. He felt that
attempting to grout this zone would not be effective, especially when con-
sidering the difficulty of washing out all the thin clay seams present.
Mr. Gribar noted that to lower the foundation would cost an additional
$159,000 approximately. The concern over piping through the weak zone was
mentioned, as well as potential settlement should piping become severe.
Mr. Fausold offered the possibility of leaving the foundation at 1018 and
then doing remedial grouting if a seepage problem does develop. Mr. Hart
responded that it has been his experience that such rehabilitation grouting
is often ineffective and it may be better to remove the questionable
material now than have to rely on remedial work. Mr. Coletti raised the
question of the stability of the vertical steps between monoliths.
Examination of boring 226 on the Monolith 13/14 joint indicates there is a
good, hard sandstone cap overlying the occasionally sheared and fractured
zone from elevation 1015.5 to 1003.6, which would offer protection at the
top of the step. Messrs. Long and Oshel pointed out that the 27-foot step
between Monoliths 13 and 14 (if 13 is lowered to 1000) would be line
drilled and treated with a protective coating and rock bolts as conditions
warrant them. It was also mentioned that borings indicate the material is
more competent at the 13/14 joint than at the 12/13 joint which would be a
step of similar height if the foundation is not lowered. Mr. Hammer aum-
marized the situation by stating that there seemed to be enough concerns of
various natures about the sheared zone that it would be in the best
interest of the project to lower the Monolith 13 foundation from 1018 to
1000. He compared this to having insurance against potential problems that
could be caused by underseepage or stability of the faces during construc-
tion. A general consensus was reached by the group that the foundation of
Monolith 13 should be lowered to 1000.

2
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ORPED-G / 25 March 1985

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

1. Reference: Memoranda on same subject dated 5 March through 5 December
1984.

2. Stuart Long, Chief of the Geology Section of the Pittsburgh District
Geotechnical Branch, visited the Stonewall Jackson Dam project on 13 and
14 March 1985 for the purposes of inspecting rock excavation, vibration

monitoring, and general status of construction of the dam.

3. Foundation Preparation - The foundations for left abutment Monoliths 16

and 15 had been excavated to design grade, elevation 1060 and 1040 respec-

tively, and covered with sand. Monolith 14 was excavated to design grade

elevation 1027 but was not yet cleaned off. Line drilling along the

Monolith 14-13 step was completed and loading of the pro-split line

downstream of Monolith 13 was underway.

4. Cut Slopes and Excavation in Rock. The drilling and blasting on the

left abutment continue to produce hck slopes cut and dressed to specifica-
tions and precise steps between monoliths. Since these abutment monolith

foundations will be exposed for a relatively long period of time, Celtite

protective coating's applied to the vertical faces between monoliths.

5. Chain Link Fabric - At this time there is no protective mesh placed

over the side wall cuts of the left abutment monoliths. With the construc-
tion of a rock fill haul road above Monolith 16 there is the possibility of
rock rolling into Monolith 16. For this reason it was agreed to place

chain link fabric not only on the landward cut of Monolith 16 but to carry
it up the slope to the top of the haul road fill. This should provide
additional personnel protection.

6. Rock Reinforcement - The reinforced rock block section between

Monolith 9 and the Stage I diversion channel is being drilled and shot. One

blast at approximate Station 2+00 (diversion channel) was witnessed by the

undersigned. Examination after the detonation revealed very little fly rock.

and reasonably good fragmentation. The Dywidag rock bolts did not seem to

present problems to the rock. excavation. Rowever, since the excavation was

being limited to the top 10-12 feet of the rock block, more difficulty may

be encountered when the resin portion of the rock bolt is reached.
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SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

7. Blast Vibration Monitoring - After the above blast, I inspected the

seismograph and the resulting data sheet. The instrument, a Vibra Tape
Particle Velocity Analog Recorder, Model 1090, was located on the floor of
the operations gallery of Monolith 9 at elevation 1028. Monolith 9 is

currently constructed to elevation 1040. The attached data sheet for this
blast No. 11 indicated a peak particle velocity (PPV) of 0.04 inch per

second (IPS), well below the maximum allowable PPV of 2 inches per second.
The project geologist, Dave Nugen, was asked to verify the indicated

reading and to furnish the Geotech Branch with a copy of this data sheet.

A review of the record data submitted to the Resident Engineer's Office
indicated that the maximum recorded blast produced 1 IPS. (See enclosed

seismographic report for blast No. 5.)

8. Concrete Placement - No concrete is scheduled to be placed until April.

Forms were being placed in Monolith 7.

9. Stage II Diversion. The gage reading downstream read 1017.6 and

falling on 13 March. The stone protection and H-beam retaining wall were

performing well under these higher flows.

10. Left Abutment Slide Area and Rock Buttress - The slide continued to

make gradual movements in the area of the left abutment (see MFR dtd,
19 Apr 1984). Spring rains have thoroughly saturated the slide mass and

only one new fissure has opened near Monument No. 2. It was requested that
a survey of the instrumentation bench marks be made on the left abutment
rock buttress. Geotech plans to develop a drainage system for the slide
area in the near future.

11. Future Inspections - Due to the concern of special treatment of the
Monolith 13/14 Joint and the Monolith 13 foundation, the next field inspec-
tion is scheduled when Monolith 13 excavation is cleaned off to elevation
1005, five feet above design grade, project personnel will notify Geotech.

Encls STUART B. LONG
Chief, Geology Section

CF:

ORPED
ORPED-G

9RPED-D
-ORHCD-I
Resident Engineer, Stonewall Jackson Lake

TT~N:- (RHCD-Liaison
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ORPED-G 17 April 1985

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

1. Reference mecoranda on same subject dated 5 March 1984 through

25 March 1985.

2. The Stonewall Jackson Lake Dam project was visited on 8 April 1985 to

inspect rock excavation and foundation conditions in the left abutment. At

the time of the visit, all anticipated rock blasting had been completed and

Monoliths 10 through 16 were shot to their design grades. Monoliths 14

through 16 have undergone a preliminary cleanup and are covered with sand

and plastic for protection. Monolith 13 was still partially covered with

debris. A backhoe was working in the Monolith 10 through 12 area, removing

remaining loose material.

3. As expected, evidence of faulting has been exposed by the excavation

for Monoliths 11 and 12 (reference paragraph 6 of the 5 December 1984 MFR).

Monolith 11 is currently at design elevation 985 while Monolith 12 was shot

to 990. The fault trace with associated soft and loose material crosses
the foundations diagonally from the upstream left corner of Monolith 11 to
the downstream left corner of Monolith 12 (see attached drawing). The area
of severely disturbed rock appears to be up to 15 feet wide in some areas

and is currently at approximately the same elevation as the Monolith 10
and II foundations. Water is entering the excavation through this disturbe
zone at both the upstream and downstream ends. The rock at the downstream
right corner of Monolith 12 appears fairly competent but probably would not

pass a final inspection. What should have been a five-foot vertical step

between Monoliths 11 and 12 is virtually nonexistent. The majority of the

upstream left side of Monolith 12 is covered by the haul road leading into

the pit, so the condition of the underlying rock is not known.

4. The existing conditions in the problem area were examined by repre-

sentatives of the Pittsburgh and Huntington Districts. Representing ORRCD
were Bill Woodburn, Resident Engineer; Red Hamric, Field Engineer; Pat
Oshel, Geologist; and Dave Nugen, Project Geologist. Stuart Long, Chief of
the Geology Section, and Bob John, Geologist, represented ORPED-G. After
considerable discussion, the group agreed on the following plan of action:

a. Lower the Monolith 12 founding elevation from 990 to 985, the same
elevation as Monoliths 10 and 11. This will require drilling and blasting
along the perimeter of the monolith and associated shifting of the existing
haul road from one end of the excavation to the other and back again.
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SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

b. Excavate the soft and broken material in the fault trace with

earthmoving equipment and hand tools in accordance with Section 2D of the

specifications. This will also require pumping out the water. Since the

fault dips down into the abutment, the cleanup should be done with care so

as not to make the situation any worse under the left side of Monolith 12.

c. After cleaning out the fault area, carefully place dental concrete

foundation grade. It is anticipated this will effectively cut off any

seepage path running under the dam.

d. Provide additional grout holes in the shear zone when grouting the

foundation, if necessary.

5. Another potential problem area is the vertical step between

Monoliths 13 and 14. The foundation for Monolith 14 is at elevation 1027

in a sandstone cap extending from 10 feet to 15 feet below the foundation.

There is a continuous clay seam at the base of the sandstone, beneath which

are weaker units such as siltstones and claystones down to the elevation of

the Redstone Coal at approximately 1005. There is some concern about the

portion of this face below the sandstone eroding back into the hillside.

So far there has been only one incidence of major spalling directly below

the sandstone. As a precaution, rock bolts have been installed across the

face in a single line through the sandstone unit. Additional remedial

measures will be done as conditions warrant.

6. Additional trips to Stonewall Jackson are planned following the

lowering of Monolith 12 to elevation 985, probably in the week 15 April.

The cleanup of the fault zone will be closely monitored.

Atch STUART LONG

Chief, Geology Section

CF:

ORPED

ORPED-G

ORPED-D
0RD- I

ATTN: Resident Engineer

Stonewall Jackson Lake Dam
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ORPED-G 25 April 1985

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

1. Reference memoranda on same subject dated 5 March 1984 through
17 April 1985.

2. The Stonewall Jackson Lake Dam project was visited on 15 April 1985 to
inspect the progress of rock excavation in the Monolith 10 through 12 area.
The foundation for Monolith 12 had been lowered five feet to elevation 985
as a result of discussions during the last site visit. (Reference MFR on
same subject dated 17 April 1985.) The haul road and large pieces of rock
had been removed from the pit and on the day of the visit the only equip-
ment operating in this area was a backhoe excavating fault materials from
the floor.

3. The fault in question has an approximate strike of N10°E, trending
roughly from the upstream left corner of Monolith 11 to the downstream left
corner of Monolith 12. It dips approximately 25° to 30"NW (down into the
abutment) and is 6riented such that it rises slightly toward the downstream
end of the excavation. The fault daylights at the base of the downstream
third of the Monolith 12/13 vertical face due to the combined effects of
the orientation of the fault plane and the lowering of Monolith 12 to 985.
The clay gouge and breccia zone appears to be approximately two feet thick
on this face. Observations of the upstream and downstream faces and analy-
sis of core boring data indicate the fault produced a vertical offset in
the beds of around four or five feet.

4. The majority of the foundation of Monolith 12 was still covered with
water so the condition of the floor is not known. The backhoe was exca-
vating material from the fault zone through the duration of the visit. It
appears that water removal will require at least two pumps. Water is
entering primarily at the upstream and downstream ends of the excavation
through the fault zone.

5. The Monolith 10 and II foundations were cleaned off fairly well. The
foundation rock is a fine grained silty sandstone. No major problems are
anticipated with these two monoliths, with the exception of the faulted

portion of Monolith 11.
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SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

6. The next site visit is scheduled for early in the week of 22 April.
At that time, cleanup of Monoliths 11 and 12 should be at the stage where a
more definitive investigation of the fault trace through the foundation
should be possible.

Geotechnical Branch

CF:
ORPED
ORPED-G
ORPED-D
ORHCD-I
ORHCD-L
ATTN: Resident Engineer

Stonewa4l Jackson Lake Dam 2
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ORHCD- 1 26 April 85

,IMEMOR4NDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam, Trip Report, Contract No. DACWS9-83-C-0053

1. On 22 April 1985, Stu Long, Bob Johns, ORPED-G, David Nugen, Rodney Young,
ORHCP-SWJ and H. P. Oshel, ORHCD-I visited the J. F. Allen Company Quarry
near Elkins, West Virginia. The purpose of the inspection was to observe
quarring operations and check for any shale contamination in the coarse aggregate.
The quarry foreman showed us the two areas where aggregate for the project is
being produced. After viewing the quarry faces, the rock produced from a recent
shot and the coarse aggregate stock piles, we did not find any shale contamination.
It is possible that some shale could get into the shot rock if the overlying shale
beds are not completely removed in the area of the shot. We stressed the importance
of not having any shale in the aggregate to the quarry foreman.

2. On 23 April 1985 an inspection was made of the fault that exists in the foundation
of Monoliths I] and 12. The foundation had been rough cleaned to grade. The trace
of the fault was easily observeable across Monoliths 11 and 12, generally diagonally
from the upstream right corner of Monolith 11 to the downstream left corner of
Monolith 12. It was decided to remove as much of the soft, faulted material as
possible in order to found on firm undisturbed rock. The fault excavation and dental
concrete back fill will be accomplished in two sections. The first being Monolith
1] and a few feet into 12 and then the remainder of Monolith 12. Excavation was
initiated while we were on site. The excavated area is approx. 6-10 feet wide and
3-4 feet deep. The majority of the excavation was done with a backhoe and con-
siderable hand cleaning will have to be done in order to have an acceptable placing
surface. The right side of the excavation follows a firm, sloping rock surface and
the left side will be a near vertical cut. It appears that his will produce a
satisfactory founding grade.

3. We also discussed the control of approx. 150-200 GPM of water that is coming
into the excavation through the faulted material and open seams in the rock,
mostly through the vertical face between Monoliths 12-13 and the upstream face
of Monoliths 11 and 12. It is planned to channel the water into sumps, install
a 24 inch CNIP riser, pump out the water during concrete placement and then back
fill the pipe and sump with tremie concrete.

H. P. OSHEL
Geologist

(R-91)
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.IOPADUM FOR PECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DAL1159-83-C-0053

1. Reference me=oxana on oane suhect dated 5 Harch 1984 through 25 April
1995.

2. The Stonewall Jackson Lake Dam and the quarry supplying aggregate for
its construction, the J. F. Allen Company quarry near Elkins, West Virginia,
vcre visited by Stuart Long, Chief of the C.eology Sectton, and Robert John,
Geologist, of the Geotechnical Branch on 22 and 23 April 1985. Also
visiting the same days was Pat Oshel, Geologist, of ORHCD-I.

3. The quarry was being reinspected .primarily because of an impression on
the part of some recent visitors from O1.PED that an objectionable amount of
shale was present in the aggregate stockpiles at the site. In addition to
Messrs. LonX, Oshel, and John, the quarry was visited by David Rugen,
Project Geologist, and Rodney Young, Concrete Technician from the project.
Mr. Eill Long, quarry foreman, met us at the quarry and accompanied us on
the Inspection. The aggreeate is beinR produced from the Greenbriar
Limestone formation of V'ississippian age. The quarry face inspected in
1982 and described in the Stonewall Jackson Concrete D4: is still in opera-
tion and is supplyInE approximately one-half of the aggregate. They have
opened another face up-dip of this face in the same formation and it pro-
vides the remainder of the stone. While there are ahaly beds in the
Greenbrier Limestone, these are being wasted and inspection of stockpiles
both at the quarry end at the project revealed no objectionable amounts of
shale or ahaly material. Nonitoring by project personnel of the quality of
aggregate supplied will continue.

4. The progress of Stage I1 excavation was inspected on 23 April by
Messrs. Long, Oshel, Tfugen, and John. Of primary interest was the con-
dition of the fault zone running through monoliths 11 and 12, mentioned in
previous ?4R's. A backhoe was working in the faulted area removing broken
rock and clay gouge. Measured on a vertical face, the actual gouge and
breccia zone is 1 foot to 3 feet thick, but the associated zone o! highly
fractured rock is much greater. The general configuration of the fault is
shown on the attached drawing. It was decided to excavate the right side
of the fault to a competent rock umit whIch dips down toward the abutment
while leaving the left side as nearly ve:tical as possible (See drawing).
At foundation grade, the fault zone narrows to approximately 4 feet in
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STM,.JFCT: S tonewall Jackson Pa7 Trip ,Report, Contract No. )AC,159-83-C-O053

width near the right center of Monolith 12 while being as tuch as 12 feet
to 15 feet across in other areas. The backhoe was excavating as mich is
4 feet or 5 feet below the original foundation grade 985 at the time of the
visit. The water flowing into the area was removed by pumps. After some
eiscussion it was decided to treat the fault in two stages. The first
stage will involve renoving fault materials and replacing them with dental
concrete across Monolith 11 and up to that point in Monolith 12 where the
fault narrows to 4 feet. The second stage will involve a similar treatment
of the remainder of the fault in the Monolith 12 foundation. Any concrete
placed below elevation 985 will be considered dental concrete.

5. Alternative methods for dealin? with the water entering the excavation
through the Monolith 12/13 vertical face were discussed. Red Ramric, Field
Engineer, proposed a 24 inch riser pipe In the dounstream loft corner of
Monolith 12 equipped with a punp to carry the water out of the excavation.
This pipe would then be grouted when the lifts have risen shove the head of
water. Mr. Racric also proposed placing a sheet of plastic against parts
of the vertical 12/13 face to funnel water down the face and into the
corner. This idea was ahandoned In favor of a plan involvint using the
existing half circles in the vertical face left froo the line drilling as
natural drainage paths down the face. These would lead water into a pipe
placed alon the edge of the foundation which would eventually empty into
the 24 inch pipe at the downstream corner. Crouting would be done after
the first or second lift through another riser pipe leading into the pipe
on the foundation edge from a point near its upstream end.

6. It was also mentioned that Monolith 12 is scheduled to receive uplift
pressure cells as qs done In Monoliths 5 and 8. Mr. Long suggested
locating one or two uplift cells into the gouge zone. The hole through the
gouge zone would be cased with slotted PVC pipe and the uplift cell pro-
tected with mason sand. 1r. Rauric indicated this would not be a problem.

7. Additional site visits to the dam are planned to ionitor the progress
of foundation preparations.

Encl START R. LORG.
Chief, Geology Section

C?:
ORPEfl

OprPD-C
ORF -r-D

or~cn.-I

.,ATT I: I esident Engineer
Stonewall Jackson Lake Dam

2
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OPPED-G 13 ilay 1985

MEIORANDUI1 FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

I. Reference memoranda on same subject dated 5 IMarch 1984 through
6 May 1985.

2. The Stonewall Jackson Lake Dam site was visited by Robert John of the
Geotechnical Branch on 3 May and 6 May 1985 to inspect the continuing exca-
vation of material from the fault that crosses Monolith 12 diagonally. As
mentioned in Paragraph 4 of the 6 May MFR, the fault was being treated in
two stages. Stage one was completed 25 April when dental concrete was
placed in the excavated fault zone across Monolith 11 and in Monolith 12 to
that point where the fault narrowed to 4 feet near the right center of the
monolith. According to Dave Nugen, Project Geologist, approximately
49 cubic yards of dental concrete were required to fill the hole left by
the fault excavation to foundation grade 985. By the time of this site
visit, the first full lift of concrete had been placed on Monolith 11.

3. It was evident from the 3 May inspection that problems caused by the
faulting are more severe in the Monolith 12 foundation than they had been
in the Monolith 11 foundation. This is partially explained by the fact
that the fault is a reverse fault dipping down into the abutment. That
portion of the Monolith 12 foundation landward (left) of the actual fault
trace is on the overthrust side and the rock has undergone more distress
than rock on the footwall side, which comprises the majority of the
Monolith 11 foundation and the downstream right corner of Monolith 12. The
upstream face of the excavation to remove fault materials in Monolith 12
reveals only crumbly, broken siltstones and silt shales below the sandstone
cap comprising the top l' or 2' of the foundation. A 3" to 4" clay seam
separates the sandstone cap from the underlying siltstones. Frequent clay
seams within these siltstones and silt shales, probably offshoots from the
major fault, continue back toward the upstream end of the monolith.
Competent rock was found on the downstream side of the fault after removal
of the gouge and breccia and it does not appear that this area will cause
any major problems.

4. Also inspecting the foundation of Monolith 12 on 6 May were Pat Oshel,
Geologist from ORHCD-I, Dave Nugen, Project Geologist, and Bill Woodburn,
Resident Engineer. It was expected that the dental concrete would be
placed on that day following final cleanup of the fault area. However,
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there~ rar,.Anjca cio~crl nver t~.o pcoteatial for diffcrancial settle.-cuc .: 4
re-vulra--k. cracli:s! uiudcr t!'.u uonclith. due to poor foumdaion condl.cI.)rt
=k-tirc"2 ad~ to cFNu 1ift uiJ the fsailt. At the. rcquea~L c, rr. voo4ur.,
jPIACement Of tbL *ttU c~ncrete was ;oatroucd until Stuart Loui, CIh1ef of

5. Mir. Loni; arrlved at thje IprojtcL 7 Kay 1935. Also 1 .rcsenz ucre
H&&yrz. 'Uiiel aud iu&~ n a tulephorw conversation vith' !.r. 74ars'!all
Yas~eCict of the t-eotc,±njccai Lranch, follc..ving his Insicctiot,

hro Lon, indilcated th L th Eluain op~tions available* worus

s. Place the J1ectal concrete as orijnnall7 plauut.I azud accep't ocr
fou~tL3~ij con:11i~oe at c~e upstreama nd of the Monoitla.

b. bealin a, systea to cozpansare for the poor conditions, such as
reicfurcio* z'; co se %4 tbe wooolith ILA A mat of soae Lind4.

co rtxcav&aL thie antire pozrtion of tbe r-orolith to the left of tbs
fault LlR. dow to kelirJ LbO fault.

It should !,a "fited thst this last option could Iavolve 4 se~i~nfiCnt accuat
Of txca~vation. niuce the orientation of t~je faulit Is each taat It occurs at
apprarinatelf elevAtion 970 In the uptreas left corner of 7~oolith 12 (as
evidcznced Iq aistiuA borin6 219).

6. A-be eltoatica was discsed ty .1r. rausald, klr. Joe Coletti, Chief of
the DeilOs branch, it. Ud Fovault, Chief of the 1uEn5OituS Division. A"n
Kr. Qjarlie Canulag of the Ohio Miver Division, !A-.It was 4decided
to defer a fLuaL d~ecision Vending tho driling of five additional eiplora-
tory kooriues at the locatians *bovu on the attached dravinij by S. U. Kztz,
Inc. of ;iuntiaroa, 6Y. D~rilling~ Is to caz.fcnce 10 Kay~ 1985. bfier analy-
Gs of Lb. core bori=-x, the options vili be reavalcacae

CY: Geotechnical :Iracb

oaWiC.D-I
OR2CD-L
AV7131 resident "n:,in.eer

Stoaeyall Jackson Lake I'a=
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- ~~L'~JZCT: o~al Jaek~aon ')a trIP :Zenortp Contract 77oA- -- JC

1. efercncv ver-orzands on cgan auiact dated 5 Verch I'-A& thror-zh 11 yy

2. -Tie Sqtornwall Jackson Lake fla varn vicited by Robrt Jo%,, of the
C'"a c.ehnieal 7Aristch on 6, and 7 .June 1-1,q5 to iv'apect the foundIation an~d Ini-
tial roncrptsb placement of llon~lit 13. 1"his nonolith was bmint? -Oaced a
little earlier t-on txpected, !n light of thec fact that ?Iotpolith 12 had
been brournht up to an elevation ottlv ~!'l hilther than the foUTIAotion

elevation of !Ionolfth 13 (alev lC)O) r-ther r0tio the tyrpIcal one or rwo

3. Thie fouaclon rnck for 'ornolith 13 Is an Intoriedd~ed ailtato-as and
siltv sandatoue. Aside froma a olepresslon on the left side of the fou-
dation and a trov..! ailng the right alide adjacent to Navolith 12, there
were no unuzutam features, In this foui'dation. Via depression oni the left
side of t~e fcodation extended f rom 30 feet dowastreas of the axis to
60 feect eowngcreae of the axia along thea Poolith 13/14 joint mud vas
approxi--ately a half-oval in plan view. At its widest point, it nttadeO
10 feet towsrd r-otolt 12. It was approrintey 2.5 feet deep alon7 t~he
13114 joint mad sloped up ro the ri..ht, awtparantlv folloving Cho diip of the
heds. The trpe:ath nu the right aide of the foundatlon gee sle two to t~irce
feet deeper than the rest of the fouzndariaft VeItb a MaXImue five-toot
lateral extent. :elther of theta feAturce pceed a proba during concrete
placemnt ad chvy were not sinificant enouphl to require dantal concrete.

4. nTie PVC~ cipes that bad 16cen p1eced at the dovnstrAm ad of the
Kanolicb 12/13-joint for the purpose of trcritin; a depreumion in that ver-
tical face. vnra cut off at elevation V0'C0 rior to settina the foes for
11onolith 11. That troatiur anJ rroutinq of four of the fiv* additional
berin~S In "onclith 12 and the upstreau swa~p It Monollth 12 hAt? been
cmpleted lirior to this aite vI*it. -lie saup io V.e 9ommetreaw left corner
of '!onalfth 12 avid tortni 221; on the uatrean 'center line of 'ionollth 12
have yet to Se ;routed. '!&ter is stIll fltuvinr a-ir of liorlt~ 21A,

5. AMdltiina1 rripe to tle Pro.1met aire 7'!snned to Inoet the !cundatinns
ier ionolftlix 14 tbrough 16 x% concrete nl~mcnzent continvaeg.

O'U!CD-I

Attn: "esldrrie Engine~er
.Stonevall Jackson L~ake Dlam
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i i rer!ceT c ; cri at c!: 4t si':o pv' jecr ..ate r, " ilrcl 1 7!' t!-rot 12" Jvte

*t..r, 0Ic cC~* f tiae e.t,y 14cti~n of V~ [Ittnil.UrrI IltlLtrct

S.ctt-c.rtic.A '-rcrc.L, virt-ue t; t 'iLCJIL1.ll ..ic1.z&caL i t. ;.rcjatcr. 11 ar..
1' j;.! 11'11-5 for Mer j.x:ricae of if-r.pect~Irl ar. mil rovii;. ±letivi: prp

;'. o-rd&o.- Frepnrl-LIctM. l~c founcdatior. rc-ck fat icic5litti 14~ Is at,

1rter'e.-"eJ jlt1LGTiL Zar.i ' silty s.4ntctonc. taler fror fitfre~uert llcv antjle
%.cat':-rtc ioizvLl1:j, t!'aE fatnidet~om rocl wea~ &xtiLzfictory for placc-eit.

e 1(vfitust.t Iraot- usI9 Lt? &pprczI~str elevation~ 1V~27.5, 1/2 foot atove
ceezi~r ,raec. ThIL 1.111 yroetice a plmce;.*it cf three feft cf concrete to
ulevettier ICU(. bcrclitL I'l Ime only t-en placa- to elevation 1L-2'0,

2.fict LUic.i. t14. fourniatioc of ?craltl14i.

ijr~t L zl%,s _Ivcr cv, 1,1 .!idy L ;lace cciucrete. ! c'"ver, tc V L ' hciuts
evcz tt(' imter f l air fell at the prvjcet wl--cl% reE~lted 114 rcel.tior

ox vrr . Cr. )1 2~y 741 yarcle of conrete vere r-lacce in i:.aalithi 14.

4. iigJ~ /b~t~crt it rtc ut.iix&L. Twve Lut project Leclopi3L, imid
rnsctcted prelirinary ecSif-r. aan~eS to the righbt abutticst surface Troctifli

rtrin; a ;reric'wE Iiele trif. Tbese :,JlficstIvros were r49cassed d"e to, a
rqturpt ty the Centru'ctor tbat cLr.Idcraticl, tqe rIver tc, C2-*tfes iD the
scr~ence of ecrstructie am.~! L~outin-,-. Thest dch.Les have t-ot been for-
xrrlly telvcre.d tp the Tesidcrt rDn-inear.

basically, the Contractor %r~tz to cotnstruct tl* illlcr co~ncrete p~~t~e
euncrett retalvirl: icll* an~d pcsably tf,* r..dway ae-laccnt to t-.ooclItk I
1cfert: Lrcutirv4 Lhc riFIt *tbuti~e'nL.

b-!-ilc t'-cre are no at-O~ficafl2t pproblacc ~it allor.. the rir'hL miumet.
Fu;rf.-%c ,routin!, to Lt mcccmpliallee after t,&.& abrve itv'.i. of Wot.- 14rev we
c(.z~trtctvd, thc Lc.tr&,ctc.,r sist-ule U. I~t tc. aCeC; t)'e posuitle riab)m. M-d
toee &4L.tlcmul LI5L5& Svclvced. 'Iicrzc art .s &ullc-s:

hiv erillii.4 irce & Lii'cr dO'vntior., 6tL cLcrtitire of krouiL p1p.
* * rkut to. tcr.1 tihC j GUt pliecs v:cul' incrc"*tv.
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t cre tctrrl vcr - tcut :Iue~ill a.-C Tt1(Vlrc tc ;,rvvcr~t

LIJl~ft cr cp,-;.e to LhC coipItt4 ztruturcr.

If the Cc~r.racte~r ze'erce thcre. rIcas, ane thoat tiit mccitiirual c'c-a of
.. itcr lat. un-. le r-cevc:ti;, ly the rontra~cLor socly for I-Is cc.T:er.cc,

Sttil a.r- ear:e to tlie cuiqlcted vtructurcs 'tic repaeire'd at ttv cart to

L'.e Cc~vrf.tOTt, tr~tr c p ropatea] cocuJd It accE;tce..

. ;.trr lell. fcx '.. Cs1,rcvttior. Liouie it jiVL51 U. rv[1vtirq. ti-c

LtrttpctLr gt1ic-e r-ell om tic dcirtrert,. 10ft a1'icitrt v-it ti: c ~t-.left
1;, V' ( te ccrr.L.r of .Cnolith 11. i~i. tc~CIL 'i. anZV rxctel'-L't.

LVI-ta.C CA Wu.tr Nv tal it ytULM bimxd t;ia11ty. u r clarity er.z tit-Lik.1

!t 1rii;c t&t saL;-IE; Itt tx~t'L:. for wuLcr rue1)' in~ uidet to t-%-
ULLE LLIL :-.rircc ef vitcr ki'F Vhe. c~~

i'. Ae.41tionzl trips to ti.c project art .11.Unett to lrb~lut ti;C fc.,,ittio
fir :-otA.I1itI 15 ard 16 art cQTncrtte J1.3cetaei-L ccrtirnucb.

Z7CAP" S. LUIG
Ciefs Ceolojry Lectior.

CF.

1eeident Erfineer, Ston~ewmall Jackson Lake
AMf': OPECL'-Liaisou
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?q July 19,25

SUIJECT: Stone.vall Jackson Dan Trip leport, Contract No. DACV59-83-C-0053
and Tyrart Das Access koad Settlement

I. iefernce 'v-oranda on same subject dated 5 March 1954 through 18 July
1935.

2. Stuart L.on,-, Chiof of the Ceology Section, and Barbara !!atiJevIcb,
geologist of the Geotecbnical Branch, visited the Stonewall Jackson Dam
projact on 19 and 19 July 1965 for the purpose of inspecting and approving
fonndatlon preparatios of Honolith 15.

3. Poandatlon ?reparation. The foundation rock for tonolitb 1S is an
interbedded vwderately hard. dark gray claystone with calcareous inclusions
and a noderately hard. zedlia gray, aLltstoe. Tha siltstone composed the
minor exposure primarily along the base of the Monolith 1.-16 step. The
fouidation rock was satisfactory for placement and approval was given oan
19 July to place concrete.

The foundation grade was at approximate alevation 1.038.5. This will pro-
duce a placemeat of approximately 6.5 feet of concrete to elevation 1045.
Plonollth 14 bad only been placed to elevation 1035, 3.5 feet belom the
foundation of .onolith 15.

4. Tysart Dan Access Road Settleont. At the request of Gordon Loadin,
Last Reaident EnSgLner, Stonewall Jackson Project Office, the undersgmned
visited Tygert Dam on 19 JuI7 156, to Investitate a reported slide in the
ri~ht abatuant access road to the crest of the dam. Hr. Pat Docherty, Area
t'aua r for the Monongahela Area projects, mas present dnrin the Inspec-
tion.

The upper access road, ne.ar the Fast Stairvell building, shas sigm of
cracking tbraouh the asphalt pavement and a meaared settlement of over
4-inches, four feet from the right of center line. The cracking covers an
area approximately 25 feet long by 13 feet wide and starts 20 feet from the
dwnstream erde of the Stairwell building. The crack its a maxiui of
1-inebh wide. and is generally irregular in shape, coverlr_ nearly one half
of the roadway (see attached aketeh and photos).
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SU7JCT: Stonewall Jackson Dam Trip Report, Contract '.o. rtAC59-13-C-O053

1. TRefervnce me-noranda on sane subject Jiated 5 march 1934 through 29 July
1935.

2. Robert John, -eoloist, of the Pittsburgh District Ceutechnical ranch
visited the Stonewall Jackson !)am project on 17 ani I September 1985 for
the nurpose of inspecting and approving the foundation preparation of
'lionolith 16. Ie was net there by David "ugen, project p eologist.

3. The foundation rock for !onolith 16 is a moderately hard interhedded
siltstone and fine -rained sandstone. The foundation -rade was at approxi-
nately elevation 1060. The najor nroblems noted with this foundation were
thin red clay seams on some bedding planes an! frequent near vertical
joints spaced from 6 inches to 4 feet anart. Removal of drumny sounding
rock caused hy these clay seams requirel a good deal of time. The joints
trended routi1ly north-sotith and uhile they #ere nurierons, the width and
depth of their associated weathered zones were not as great as with nost of
the joints found In other foundations. :;owever, there was an open joint up
to 2 inches wide terminating toward the upstream end of the 'tonolith 15
'ace that would require cleaning and backfillin with -rout prior to
concrete placement. There was a depression at the iinstream right corner of
the -onolith, partially due to the weatherina; effects of this joint. Also,
burlap and pieces of wood were noticed alone the edge of the Monolith 15
face at foundation grade. The clean-up crews were directed to remove these
as part of their foundation preparation.

4. 7he gvallery form work for Monolith 16 had yet to 1w set and concrete
placement uas scheduled for 19 or 20 September. -cxcept for last ninute
clean-up procedures, the foundation looked good and it was not considered
necessary to stay at the project for concrete placzncnt.

5. This Is the last foundation inspection scheduled for Stonewall Jack'ion
0),. rroitin' of the foundation is euected to co ,ence ro:uetirne around
Jinuar-Y 1?^6.

7otchnical ',ranch

. C.. -
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30 December 1985

MEMORANDUM FOR RECORD

SUBJECT: Routing Slip & Transmittal Slip dated 19 Dec 1985 concerning the
Foundation Grouting Program for Stonewall Jackson Dam

As noted in the transmittal slip there are no prior contractor submittals
required in the contract specifications concerning the grouting program. At
present, neither the contractor nor his subcontractor has mentioned any prob-
lems with complying with the specification requirements of Section 20 of the
contract.

There was an informal meeting here at the job site two weeks ago with the
subcontractor, Pennsylvania Drilling Co. Discussed at this meeting with Jim
Jones, Supervisor and "Snuffy" Smith, Grouting Specialist, were the following:

(1) Drills - Electric driven - hydraulic

(2) Grout Plant - Located on abutment; pumping to agitator located inside
gallery from which pressure grouting will be performed.

(3) Cement - furnished in bags
(4) Work Sections - Determined with equipment and personnel known.
(5) Starting Date - Middle of January 1986

The above general information will be confirmed and additional, specific
details concerning the grouting program determined when the subcontractor has
mobilized.

WARREN D. NUG~
Geologist

CF:
ORHCD-L
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SORPED-GG 5 MJarch 1986

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

1. Robert John, geologist, and Stuart Long, Chief of the Geology Section
of the Geotechnical Branch, visited the Stonewall Jackson Lake Dam project
on 20 and 21 February 1986 to inspect the progress of foundation grouting
currently underway at the project. They were met at the project by Pat
Oshel, geologist from ORHCD-I and David Nugen, project geologist, who is

supervising the grouting.

C,
2. The subcontractor performing the drilling and grouting operation is
Pennsylvania Drilling Co. of Pittsburgh, PA. They have been at the site
since approximately the first week of January. The holes in the gallery
are angled 20* upstream and 20* toward the abutment, producing an actual
angle of approximately 27" measured on a plane 45' from the dam axis.
Pipes for the primary and secondary holes were set at the appropriate angle
in the gutter of the drainage gallery at the time the monoliths were
placed. Pennsylvania Drilling then drills the 1-3/8-inch diameter holes
through these starter pipes with either a CP-65 (Chicago-Pneumatic) rig or
one of the electric rigs they purchased from the Gearmec Company of Sweden.
The grout hoses are attached to the nipples through a threaded connector
being used in lieu of packers.

3. The Contractor is currently working on the grout holes angled toward

the right abutment. Mr. Nugen has divided the right battered holes into
four sections, numbered 1, 2, 3, and 4 as shown on the attached drawing.
The curtain is also divided vertically into two zones. Within each zone
there are stages, the depth of which depends on geologic conditions encoun-
tered during drilling such am loss or gain of drill water in appreciable
amounts. If no unusual conditions are encountered, the entire zone is
drilled as one stage. Holes in each section are drilled, pressure tested,
and grouted in the following sequence - Zone 1 primary holes, Zone 1
secondary holes, Zone 2 primary holes, and finally Zone 2 secondary holes.
To date, no tertiary holes have been required. Each section is drilled and
grouted to completion before beginning an adjacent section. A minimum
100-foot spacing is maintained between drilling and grouting operations.

The grout plant is presently located outside the Monolith 5 adit, with
lines unning down to a smaller agitator and Moyno pump in the gallery.
The hopper of this unit holds 5.6 cubic feet of grout.
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ORPED-GG
SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

4. As of the site visit, sections 1 and 3 were complete. The primary
holes in remaining sections 2 and 4 are also complete. Generally speaking,
the foundation appears to be tight. Grout takes have been small in the
majority of primary holes and pressure testing has shown that grouting is
not required in many of the secondary holes. An interesting phenomenon
noticed is that many of the holes produced an artesian flow and a pressure
of between seven and nine pounds, but when water pressure tested would not
take any water. One possible explanation is that drilling is surcharging
the formation.

5. In section 1 and 3, the first stage of the primary holes was stopped at
depths ranging from two feet to four feet below the foundation. Grout
takes ranged from zero to seven bags, with the exception of one very high
take of 40 bags in one of the holes under Monolith 9. This method was
abandoned for sections 2 and 4; most of those were drilled the entire
depth of the zone although some holes did require two or more stages. As
many as 16 bags have been required for grouting primary holes in Zone 1 in
the abutment fan area (Section 4). No tertiary holes have been required
yet but Mr. Long recommended that a tertiary hole be added if the secondary
hole shows a take of five bags or more. Tertiary holes should also be con-
sidered in the area of the former riverbed if the primary holes show high
take, even if secondary holes indicate no need for them. So far this has
not been the case but additional grout takes are expected in the holes
angled toward the left abutment, particularly in the faulted area under
Monoliths 11 and 12. Inspectors are to watch the uplift pressure cells in
Monolith 12 for changes brought on by water pressure testing and take
action to prevent these cells from being grouted in the event they are
effected. So far, the uplift cells in Monoliths 5 and 8 have not been
effected by the grouting and continue to function.

6. The contract calls for NX size exploratory borings to be drilled to
determine the effectiveness of the grouting in sealing foundation fractures
or expanded bedding planes. So far, none have been drilled. The group
discussed where these holes should be drilled. The tentative plan is to
drill one hole from the surface in each abutment, at least one hole in an
area that appears tight, a few in selected areas of high grout takes, and a
few in the area between Monoliths 10 and 13.

7. A CAGE task group on grouting from WES and various Corps districts and
divisions is planning a meeting at Stonewall Jackson on 18-19 March to
review and discuss the computer aided grouting program in use at the
project. The program is primarily a data storage system in which the
applicable data from each grout hole is entered at the end of the workday.
As such, the system is useful for presenting a summary of each hole's

2
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ORPED-GG
SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

characteristics and for preparing pay estimates, but is not being used for
on-site decisions concerning grout mix, rates of placing grout, etc.
Another site visit to the project is planned the week of 9 March to update
the progress of the grouting and finalize the itinerary for this meeting.

Atch ROBERT JOHN
Geotechnical Branch

CF:
ORPED - (Kovanic)
ORPED-G
ORPED-D
ORHCD,,"'

ATTN: Resident Engineer
Stonewall Jackson Lake Dam

3
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ORPED-GG 17 April 1986

MEMORANDUM FOR RECORD

SUBJECT: Stonewall Jackson Dam Trip Report, Contract No. DACW59-83-C-0053

1. Reference memorandum on same subject dated 5 March 1986.

2. Robert John,.Geologist, and Stuart Long, Chief of the Geology Section
of the Geotechnical Branch, visited the Stonewall Jackson Lake Dam project
on 8 and 9 April 1986 to inspect the progress of the foundation grouting
currently underway at the project. David Nugen, project geologist, is
supervising the grouting operation, which is being done by Pennsylvania
Drilling Co.

3. With the exception of surface grouting landward of Monolith 1,

grouting of the right side of the foundation is complete. Tertiary holes
had been added from Monolith I through approximately Sta. 2+00 in
Monolith 3 as a result of some relatively high grout takes in this area and
a request by Mr. Long that tertiary holes be drilled to intercept vertical
steps between monoliths. The latter tertiary holes indicate the vertical
steps are tightly grouted. Four quaternary holes were required under
Monolith 2 from Sta. 1+67 to 1+75 since the adjoining tertiary holes had a
grout take of greater than five bags. Grout takes on the right side, in
general, were surprisingly low.

4. Work is now progressing in the gallery on grout holes battered toward

the left abutment. Mr. Nugen has the gallery divided into three sections -
Section 5 (encompassing holes between stations 4+39 and 5+49), Section 6
(5+49 to 6+39), and Section 7 (6+39 to 7+35, including the abutment fan).
Grout takes have been higher, but more in line with what was expected, on

this side of the grout curtain. This is especially true of areas where the
grout holes intersect the fault diagonally crossing the foundation of
Monolith 12 as it dips down into the abutment. Drilling Zone I tertiary

holes from Station 4+80 through Station 5+80 was recommended, noting the
potential for extending the reach of tertiary holes if conditions encoun-
tered in the future warrant them. The first stage of the tertiary holes
should be stopped five feet below founding elevation. The following table
indicates progress to date on grouting the left abutment.
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Section Zone Primary Secondary Tertiary Quaternary

5 1 Complete Complete - -

5 2 ....
6 1 Complete Complete -

6 2 Complete Complete - -

7-
abutment fan 1 Complete Complete

7-
abutment fan 2 -"

7-
from gutter 1 Complete

7 -
from gutter 2

5. Mr. Long and Mr. Nugen both expressed some surprise that none of the

holes have hit a large water passage yet. This relates to the large volume

of water seen entering the downstream left corner of the Monolith 12 exca-

vation prior to concrete placement. This water was directed into a 24-inch

vertical corrugated metal pipe still open to the surface. There are

thoughts of possibly using this as a water well for the project subject to

water quality testing. There is the possibility that this water is coming

from the mountain along passages downstream of the dam and would thus be

unaffected by the foundation grouting. It was recommended that after

grouting is complete, the water in this pipe should be pumped out and the

recharge yield determined. The possibility of installing piezometers

downstream of the dam in this area was also discussed.

6. Much of the discussion between Mr. Long and Mr. Nugen centered on how

to approach the surface grouting required on the right and left abutments

in terms of the procedures the Contractor has proposed in his 21 February
1986 submittal. It was learned that this proposal has been modified due to

the removal of significant amounts of rock left of Monolith 16.

a. Right Abutment. Holes to be drilled from the surface are laid out

on the road and turnaround as shown on the attached drawing. Pennsylvania
Drilling has a truck-mounted drill rig parked in the turnaround but has not

yet sent a crew to run it. -The holes will basically follow a line formed

by the expression of the abutment fan holes if they were on the surface
(20" upstream). In addition to vertical holes, there will be two holes

angled to the left (roughly paralleling the landward face of Monolith 1)

and six holes angled to the right. An NX exploratory boring will be put

down at Station 1+11 and will serve as a secondary grout hole when

complete. The current proposal is to drill the primary holes to el 1020

and the secondary holes to 1054, except the two left angled holes which

2
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would both go to 1040. If the primary holes warranted it, the secondary
holes could also be extended to 1020. It was recommended that this
grouting begin as soon as possible so that drain hole drilling can com-
mence and that the casings be totally grouted in, so that no uplift of the
concrete filler section will occur.

b. Left Abutment. At the time of the visit, the first lift of imper-
vious fill section tying in the left abutment with Monolith 16 was being
placed. The Contractor wants to use this area as part of the access road
connecting to the H road tie-in. It is unknown at this point how far up
the Contractor intends to bring the fill before starting the grouting
operation. Regardless, the grouting will be done through casings augered
through this fill, drilled one foot into rock, and grouted the full length.
The direction and alignment of holes will correspond to the alignment of
the abutment fan holes as in the case of the right abutment. Casings will
be set at el 1082 with the bottom of the holes at el 1067. The holes would
be angled 20" as shown on the attached drawing. In the event grouting is
not done until the fill is brought up to just below roadway elevation 1102,
the top two feet of casing shall be of the screw-in type so that it can be
removed and reduce the effects of the casing on the road surface. The
Contractor is currently compacting the fill, obtained from a borrow area
upstream of the dam, with a large steel roller. A sheep's foot roller
would be preferred. In addition, the Contractor should use a motorized
hand tamper at the fill/concrete interface.

7. Additional site visits will be made as conditions warrant. To date,

the grouting is proceeding very well, but the Contractor is anxious to
begin drilling the drain holes. Mr. Long confirmed that the Contractor may
start drilling the drains between Station 1+90 and 3+10, bearing in mind
that these holes must be protected when drain hole drilling higher up in

the gallery commences.

Atch ROBERT JOHN
Geotechnical Branch

CF:
ORPED - Kovanlz
ORFED-G
ORPED-D
ORHCD-I
ORHCD-L
Attn: Res Engr, Stonewall

Jackson Lake Dam
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CONCRETE STRUCTURES FOUNDATION

(INDIVIDUAL MONOLIiHS)

Exh ibit

No. SUji e c t

9-1A Mono. I Statistical Data

9-1B Mono. 1 Exploratory, Instrumentation, Photos

9-1C Mono. I Foundation Geology

9-2A Mono. 2 Statistical Data

,?-2B Mono. 2 Exploratory, Instrumentation, Photos

9-2C Mono. 2 Foundation Geology

-3A Mono. 3 Statistical Data

aBMono 3 Exploratory, Irs trumentat ion, Photos

Mono. 3 Foundation. Geology

':-4A Mono. 4 Statistical Data

'0-4B Mono. 4 Exploratory, Instrumentation, Photos

'-;-4C Mono. 4 Foundation Geology

'-5A Maro. 5 Statistical Data

Mono. 5 Exploratory, Instrumentatiorn, Photo--

Morio. 5 Foundation Geology

Mono. e, Statistical Data

B Mono. t. Exploratory, Instrumentation, Photos

Mono. , Foundat ion Geoloqy

Morw). 7 Sti;t.istical Datd

/-B Mono,. 7 Expl oratto y, instrumentatorn, ['hotos



MorI I- Ut at I St I C a1 1j,.t o

Mono. L Exploratory, Iristrumontation , Photos

q-G:C Moro. : Foundation Geology

9-9A Mono. 9 Statistical Data

9-9B Mono. 9 Exploratory, Instrumentation, Photos

9-9C Mono. Foundation Geology

7-. I AM,,aic. 10-'4 1 ~ ~ t t 1 - : . tz

9-10B Mono. 10 Exploratory, Instrumentation, Photos

9-10C Mono. 10 Foundation Geology

9-11A Mono. 11 Statistical Data

9-11B Mono. 11 Exploratory, Inst-rumentation, Photos

9-11C Mono. 11 Foundation Geology

1'-12A Mono. 12 Statistical Data

9-12A1 Mono. 12 Dewatering Plan

'4 -12A2 Mono. 12 Dewater Friq Plan

-12A3 Morno. 12 Dewatet irng Plan

'-12B Mono. 12 Explot atory, Irstrumentation, Photos

'-12C Moro 12 Foundation Geology

'-l-A Mono_ 13 Stat.isti al Data

' -l3B Murio. 13 Exploratory, Irostrumenitatnir, Photos

'- 13C Mono. 13 Fourndat. ion Geology

-- 14A Mono. 14 Statistical Data

' --14B Mono. 14 Exploratory, instrumentation, Photos

' -14C Mono. 14 Foundation Geology

'o-15A Morio. 15 S;tatistical Data

'--15B Mono - 15 Explorator y, rI,-t rumen tat ion, Photos



I

I A Mono. r, L t I st ic 1 )ita

'-l 6B Mario. 1 Exploratory, 1rs, t rurentat ion, Photos

ItM C ario. 16 Foundation Geology

9-17A Mono. 17,18,14 Right Training Wall

9-17B Mono. 17,18,19 Exploratory, Instrumentation, Photos

9-17C Mario. 17,18,19 Fouridation Geology

9-18A Mono. 20 21 22 Left Training Wall

9-18B Mario. 20,21,22 Exploratory, Instrumentation, Photos

9-18C Mono. 20,21,22 Foundation Geology

9-1qA Stilling Basin Statistical Data

q-I9B Stilling Basin Exploratory, Instrumentation, Photos

'9-1'C Stilling Basin Foundation Geology
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MONOLITH NO. -

LOCATION: Dkn Monolith 1TION: 1+45 to1 +35

REFERENCE EXFLORATCRi' DORIN-S:

(1) Fre-contract: 7q

2) During :ontrac-t: 2),216

FOUDATI ON:

, Ele'-ation: 10o2

2) Dimenstions: Width 40 U Length 59 .- 5/8

(7) Description: Between Sta. ]+45 and 1+65. near

horizontal silty sandstone: Between Sta. 1+65 and

1+85. thin to medium bedded silty sandstones and

and siltEtones dipping appro/'imately degrees

toward the east

(4) Special or Unusual Conditions: N 45 degrees E,

normal fault line with a 5(') degree NW dip runs,

lengthwise near center of monolith floor: Several

open, high angle, fault relatad joints between Sta.

1+65 and I+85

(5) Treatment: 12 cubic yards dental concrete placed

AUg 1984 to correct overbral e at Monolith 2/ faIe:

After final clean-up of foundation, 4 cubic vards of
heavy grout was burshcd into Lhe fault line ,-..nd

Llssociated open joints

De-watoring: Stand,_-rd simal! sump pLufps used durig

Concrete p aC-.nit•

(7) n st r umountat i on None_

(0 F'hotograph:: q7 to 107

(3acT olum II i Of this r-por -.

F) first F'lacemont: 0'6 eptembt.r 1904

U.S. ARMY, MUpITINGTON DISTRICT
_ CORPI OP EN@0N*

FOUNDATION REPORT

WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - 2

EXHIBIT NO. 0-2A



MONOLITH 2
FOUNDING ELEV. 1022
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211
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U..ARNI. HUNIgNGTON ODITCT
camps or ENINuuEER*___

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA
STONEWALL JACKSON DAM

EXPLORATORY EOATBON
INSTRUMENTATION

PHOTOGRAPHS

Seale! I" - t0, PLANo VIEW

EXHIBIT NO. 0-28
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FOUNDA T I O'] 5'-,LOC3Y

MONOLITH NO. 2

LOCATION: Dam Monolith STATION: t+85 to 2+25

REFERENCE EXPLORATORY DORINGS:
(1) Pre-contract: 14, 72A

(2) Durinq Contract: 215

FOUNDATION:
(1) Elevation: 995.6

(2) Dimensions: Width 40' C", Length 80' 1-1'5/16"

(2) Description: Near horizontal, silty, fine grained
sandstone

(4) Special or Unusual Conditions: Few thin (1/4"-1/2")
dark shale filled, vertical joints

(5) Treatment: Standard final clean-up with special care
in cleaning e>xposed Redstone coal seam along
foundation wall

(6) Dewatering: Standard small sump pumps used during
concrete placement

(7) Instrumentation: None

(8) Fhotographs: 64 to 71
(See Volume II of this report)

(9) Firs t lacemic 'nt- , -n Jul'y 19 .4

U.S. ARMY, "uwTINmaIrON dou TinIcr

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA
STONEWALL JACKSON DAM

STATISTICAL DATA

MONOLITH - 3

EXHIBIT NO. -3A



MO OLITH 3
FOUNDING 995" 6=

UI .FLOW
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I 3A

215

Sta. 1+85
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I < <(019, 10

PHOTOGRAPHS

U.S. ARMY, HUN"INOTON DISTRICTCORPSl OPe IENGIWUR

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

EXPLORATORY BORINGS
INSTRUMENTATION
PHOTOGRAPHS

s1ae: 1* - so, PLAN ViW

EXHIBIT NO. 9-38
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FOL.NDATION GEOLOGY

MONOLITH NO. 4

LOCATION: Dam Monolith STATION: 2+2. to 2+, 5

REFERENCE EXF'LORATORY E',OR I NGS:
(1) F-'re-contract: ,77A, 93_

(2) During Contract: 214

FOUNDAT I ON:
(1) Elevation: 995.6

(2) Dimensions: Width 40' 0"; Length 80' 1-15/16"

(7) Description: Near horizontal, sandy siltstone with

cherty nodules/fine grained, silty sandstone

(4) Special or Unusual Conditions: Since this monolith
was used -for Stage 2 diversion, excavation was
extended downstream of monoltih's limits to obtain
"toe-in" into base of right abutment. Few dark shale
filled, vertical joints in foundation

(5) Treatment: Standard -final clean-up

(6) Dewatering: Standard small sump pumps

(7) Instrumentation: None

(8) Fhotographs;: Lp- to 96

(See Volume II o this report)

(9) Fi r t Pl a?.ceirh_ t: 16 Auqust 1984

U.S. ARMY. HUNTINGTON DISTRICT

COPPS OF ENGINEERS

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

STATISTICAL DATA

MONOLITH - 4

EXHIBIT NO. 9-4A
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FOUNDATION GEOLOGY

MONOLITH NO. 5

LOCATION: Dam Monolith STATION: 2+65 to 3+10

REFERENCE EXFLORATORY BORINGS:
(1) Pre-contract: 45, 6-

('2) During Contract: 213

FOUNDAT ION:
(1) Elevation: 987.4

(2) Dimensions: Width 45' 0"; Length 95' I"/105' B"

(3) Description: Hard, fine grained, medium gray, silty
sandstone with ungulating bedding

(4) Special or Unusual Conditions: Installed 6 uplift
cells: Sheared bedding plane at approximate elevation
990 exposed in upstream, downstream, and right side
excavated faces; few high angle to vertical fractures
and joints running lengthwise of floor

(5) Treatment: Standard final clean-up

(6) Dewatcring: Standard small sump pumps used during
concrete placement

(7) Instrumentation: Uplift cells No. 1-6

(9) Photographs: 51 to £-
(See Volume II of this report)

(9) First Flacement: 27 June 1984

*u. . ARMYa. ~ 104 u INTOU IS4TRICT - -

CORP11 Op_ENGINESRS
FOUNDATION REPORT

WEST FORK RIVER, WEST VIRGINIA
STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - s

EXHIBIT NO. 9-6A



MONOLII H 5
FOUNDING ELEV. 987.4
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EXHI bIT NO. 0-NS
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FOUNDATION GEOLOGY

MONOLITH NO. 6

LOCATION: Dam Monolith STATION: 3+10 to 7+45

REFERENCE EXPLORATORY BORINGS:
(1) Pre--contract: 72, 111A

(2) Durino Contract: 2 , 1

FOUNDAT ION:

(1) Elevation: 987.4

(2) Dimensions: Width 35' 0"; Length 98' 3-5/Ba

3) Description: Thin bedded, fine grained, silty
sandstone with shaley laminations

(4) Special or Unusual Conditions: Several high angle to
vertical fractures in foundation floor

(5) Treatment: 22 cubic yards of dental concrete placed
on 15 June 1984 to fill overbrake area along Monolith
6/7 face: standard final clean-up

(6) Dewatering: 2-4 in. diameter PVC pipes were installed
vertically along water producing joint in foundation
floor: After being used for dewatering during
concrete placement, these pipes were backfilled with
neat grout at elevation 995.5

(7) Instrumentation: None

(B) Fhotographs: 82 to 87
(S Volume II of this report

F?) First F!auremerit: 26 July 1984

U.S. ARMY, HUNTINGTON DISTRICT
CORPS or INOINIE"S

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - 0

EXHISIT NO. 6-4A



MONOLITH 6
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FOUNDATION REPORT
WEST PORK RIVER, WEST VIRGINIA
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PHOTOGRAPHS

EXHIBIT NO. 0-6S
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FOUNDATION GEOLOGY

MONOLITH NO. 7

LOCATION: Dam Monolith STATION: 7+45 to ,+B0

REFERENCE EXPLORATORY BORINGS:
(1) Fre-contract: 43, 62, 71

(2) During Contract: 211

FOUNDAT ION:

(1) Elevation: 985.(_)

(2) Dimensions: Width 75' 0'": Length 100' 6-1/2"

() Description: Thin bedded, silty sandstone and sandyv

shale

(4) Special or Unusual Conditions: None

(5) Treatment: Standard final clean-up

(b) Dewatering: Standard small sump pumps used during

concrete placement

(7) Instrumentation: None

(8) Photographs: 45 to 48

(See Volume II of this report)

(9) First Placement: 12 June -34

U.S. AIMY, NUNIM@NQT@ DISTRICT
___________CORPS or 61141WEGwm___

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - 7

EXHIUIT NO. 0-7A



MONOLITH 7
FOUNDING ELEV. 985
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EXHIBIT NO. 0-78
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FOUNDATION GEOLOGY

MONOLITH NO. 8

LOCATION: Dam Monolith STATION: 3+80 to 4+15

REFERENCE EXPLORATORY BORINGS:
(1) Pre-contract: 70

(2) During Contract: 202, 210

FOUNDATION:
(1) Elevation: 965.0

(2) Dimensions: Width 35' 0"; Length 100' 6-1/2"

() Description: Thin bedded, silty sandstone and sandy
shale

(4) Special or Unusual Conditions: Water flowing from
several open joints and bedding planes near area of
deeper excavation for sump

(5) Treatment: Standard final clean-up

(6) Dewatering: 5-4 in. diameter dewatering pipes were
installed vertically at water producing joints and
bedding planes: Pumped during cncrete placement:
Tremie grouted at elevation 990. One pipe tremie
grouted at elevation 1000

(7) Instrumentation: Uplift cells No. 7-12

(8) Photographs: 74 to 81
(See Volume II of this report)

9) First Placement: 10 July 1984

'U.S. ANMY. HUNTUNGIrON DISTRICT
CoRPs or ffNagEuN"Se

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA
STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - S

EXHIBIT NO. 9-6A
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FOUNDING ELEV. 985

FLOW
I >q

Sta. 4+15

I 210

70

ll I 112292A
UPLIFT CELLS

Sta. 3+80

EXPLORATORY BORINGS

77)l/

PHOTOGRAPHS

ii

U.S. ARMYT, HUNTINGTON DISTRICT

____CORPS _NGINEERfs__

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

EXPLORATORY BORINGS
INSTRUMENTATION

PHOTOGRAPHS

Illease I" - to' PLAN VIEW

EXHIBIT NO. S-SB
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FOUNDATION GEOLOGY

MONOLITH NO. 9

LOCATION: Dam Monolith STATION: 4+15 to 4+6.

REFERENCE EXPLORATORY BORINGS:
(1) Fre-contract: 61, 69, 105

(2) During Contract: 210

FOUNDATION:

(1) Elevation: 985.0

(2) Dimensions: Width 45' 0"; Length 95' 9-1/4"/
106' 4-1/4"

() Description: Thin to medium bedded, fine grained,

silty sandstone and sandy shale

(4) Special or Unusual Conditions: None

(5) Treatment: 2 cubic yards of dental concrete placed

along irregular bedding plane: Plug concrete

placement made to fill contractor's Stage 1 sump

excavation area

(6) Dewatering: Standard small sump pumps used during
concrete placement

(7) Instrumentation: None

(3) Photographs: ..2 to .7

(See VUlume II of this report)

(9) First Placement: 06 June 1984

U.Rt. ARMY. MuNrlUGON DISTRICT

coMpe or 11wo"oewf, _

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - 0

EXHIBIT NO. 9-9A
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FOUNDATION GEOLOGY

MONOLITH NO. 10

LOCATION: Dam Monolith STATION: 4+60 to 5+u

REFERENCE EXFLORATORY DORINGS:
(1) Fre-contract: 60, 92, 94, 100, I07A, 11'4

(2) During Contract: 209

FOUNDATION:
(1) Elevation: 985.0

(2) Dimensions: Width 40' 0"; Length 88' 6-7/16"

() Description: Near horizontal, thin bedded, fine
grained, silty sandstone and sandy siltstone

(4) Special or Unusual Conditions: None

(5) Treatment: Stage 1 sump area that was backfilled with
concrete extended into this monolith from Monolith
No. 9

(6) Dewatering: Standard small sump pumps used during
concrete placement

(7) Instrumentation: None

(8) Photographs: 169 to 181
(See Volume II of this report)

(9) First Placement: 20 April 1985

U.S. AMY. NUUTUNSTOW oISTmCT

POUNDATION REPORT
WEST PORK RIVER. WEST VIRGINIA
STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - 10

EXHIBIT NO. 0-10A
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FOUNDATION GEOLOGY

MONOLITH NO. 11

LOCATION: Dam Monolith STATION: 5+00 to 5+4-

REFERENCE EXPLORATORY BORINGS:
(1) Fre--contract: 42, 59, 67, 1,2

(2) During Contract: 28

FOUNDAT ION:
(1) Elevation: 995.)

(2) Dimensions: Width 40' 0"; Length 88' 6-7/16"

(7) Description: Fine grained. silty sandstone

(4) Special or Unusual Conditions: Fault line in upstream
right side area; extending into Monolith No. 12

(5) Treatment: 48 cubic yards of dental concrete placed
in faulted area on 24 April 1985

(6) Dewatering: Dewatering pipe extended from water
source in upstream face into Monolith No. 12 during
first placement

(7) Instrumentation: None

(8) Photographs: 189 to 194; 196 to 198
(See Volume II of this report)

(9) First Placement: ()I May 1985

S.. U~la. ARMY. HUNTINGTON OlelrmiCT

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - I I

EXHIBIT NO. 0-11A
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FOUNDATION GEOLOGY

MONOLITH NO. 12

LOCATION: Dam Monolith STATION: 5-40 to 5+(-)

REFERENCE EXPLORATORY BORINGS:
(1) Pre-contract: 108, 109

(2) During Contract: 207, 218, 219, 22-2, 224, 225, 227,

FOUNDATION:

(1) Elevation: 985

(2) Dimensions: Width 40' 0"; Length 88' 6-7/16"

(3) Description: Fractured, fine grained, silty sandstone

and sandy siltstone

(4) Special or Unusual Conditions: Fault zone crossing
monolith with associated open joint systems

(5) Treatment: Placed 92 cubic yards of dental concrete
in faulted area on 17 May 1985

(6) Dewatering: Extensive dewatering system; see attached
sheet

(7) Instrumentation: Uplift cells No. 13-18

(8) Photographs: 219 to 229
(See Volume II of this report)

(9) First Placement: 24 May 190-5

U.B. ARMY. HUN'IN TON DIGTRICT

CORPS Or ENGINEan@

F UdATION REPORT
WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - II

EXHIUIT NO. 0-ItA
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DAM
/ AXIS

A. 6" PVC pipe inserted into exp.
hole 228: tremie grouted when conc.

/at elev. 1005.

8 i, B. 24" dia. CMP pipe grouted around

exp. hole 231: pump water thru 4"
PVC to main sump in d/s, It. cor-
ner (F). Backfilled with 1 yds
conc. when lift was at elev. 1000.

D C. 6" dia. PVC pipe grouted into u/s
face: bd. pn. water gravity fed

MONO. 12 to "B" CMP pipe for ist lift.
"T" at wall installed at elev. 990-
ver. pipe ext. to elev. 1000,

grouted at elev. 1000.

D. 4" dia. PVC pipe grouted into

12/13 face at water producing
ha. jt.: gravity fed to main

sump in d/s, It. corner for 1st
lift: tremie grouted 6-5-85.

E. 4" PVC pipe inserted by elbow
under overhang for grouting:

It tremie grouted 6-5-85.

NOTE: Backfilled 6" ex. holes 227, F. 24" CMP pipe set in d/s, it. cor-
229, and 230 with tremie grout ner for hvy. flow thru rock (12/13
at start of conc. operations face) and feeder pipes. Water
using conc. grout. discharged to settling pond.

' See attached sheets.

Pumping from "B" pulled 
water E0 -

down in other exploratory holes. J G. 4" PVC pipe pip grouted into
water producing bd. pn.; gravity
fed to "A".

1 .U.S. ANU8-JMY. 40OP uuri.ot esrotcr

FOUNDATION REPORT
4 w WEST FORK RIVER, WEST VIRGINIA
F STONEWALL JACKSON DAM

MONOLITH 12 FOUNDATION
DEWATERIN PLAN

scale 1 - ' PLAN VIEW

EXHIBIT NO. S-12AI
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FOUNDATION GEOLOGY

MONOLITH NO. 1-

LOCATION: Dam Monolith STATION: 5+S0 to 6 20

REFERENCE EXFLORATORY BORINGS:
(1) F're-contract: 110

(2) During Contract: 219, 227, 224, 225. 226

FOUNDAT ION:

(1) Elevation: 1000

(2) Dimensions: Width 40' 0; Length 76' 8-1/4"

(3) Description: Fine grained, silty sandstone

(4) Special or Unusual Conditions: None

(5) Treatment: Standard final clean-up

(6) Dewatering: Standard small sump pumps used during

concrete placement

(7) Instrumentation: None

(8) Photographs: 237 to 246

(See Volume II of this report)

(9) First Placement: 07 June 85

U.S. ARMY. HUNTINGTON DISTRICT

cOops OF fNfQINsRwE___

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - 13

EXHIMIT NO. *-ISA



~~MONOLITH 13
FOUNDING ELEV. 1000
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U.S. ARtMY. IUNTIN1'TON DISTRICT

- ______co"P6 or 60101141112"
FOUNDATION REPORT

WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

EXPLORATORY BORINGS
INSTRUMENTATION
PHOTOORAPHS
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FOUNDATION GEOLOGY

MONOLITH NO. 14

LOCATION: Dam Monolith STATION: 6+20 to .+6C

REFERENCE EXPLORATORY BORINGS:
(1) Pre-contract: 5(A

(2) During Contract: 203, 206, 226

FOUNDAT ION:

(1) Elevation: 1027

(2) Dimensions: Width 40' 0"; Length 55' 4-1/4"

(7) Description: Fine grained, silty sandstone

(4) Special or Unusual Conditions: Several joints and
fractures in foundation floor

(5) Treatment: Standard final clean-up

(6) Dewatering: Standard small sump pumps used durinq
concrete placement

(7) Instrumentation: None

(8) Photographs: 254 to 267
(See Volume II of this report)

(9) First Placement: 11 July 1985

U.S. ANWV. HNUW"OTO" DIOTRICT
Coorso or If,_ 010011 no

FOUNDATION REPORT

WEST FORK RIVER, WEST VIROINIA

STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - 14

-EXHIBIT NO. 0-14A



MONOLITH 14
FOUNDING ELEV. 1027

FLO
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PHOTOGRAPHS

U.S. ARMY, HUNTINGTON DISTRICT

_crPs or ENGINSERSl
FOUNDATION REPORT

WEST FORK RIVER, WEST VIRGINIA

I STONEWALL JACKSON DAM

EXPLORATORY BORINGS
INSTRUMENTATION
PHOTOGRAPHS

s..Io: 1" - 20' PLAN VIEW

EXHIBIT NO. 0-148
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FOUNDATION GEOLOGY

MONOLITH NO. 15

LOCATION: Dam Monolith STATION: 6+60 to 74-00)C

REFERENCE EXPLORATORY BORINGS:
(1) Pre-contract: 47

(2) During Contract: 204

FOUNDATI ON:

(1) Elevation: 1040

(2) Dimensions: Width 40' 0"; Length 45' 1-1/16"

(3) Description: Reddish gray, occasionally sandy
claystone

(4) Special or Unusual Conditions: None

(5) Treatment: Standard clean-up

(6) Dewatering: Standard small sump pumps used during
concrete placement

(7) Instrumentation: None

(8) Photographs: 269 to 274
(See Volume II of this report)

(9) First Placement: 19 July 1985

l .... . . con,,a op uNag,,u, e____ . ... .

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA
STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITH - 1i

EXHImIT NO. 0-IA
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EXHIBIT NO. 9-153
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FOUNDATION GEOLOGY

MONOLITH NO. 16

LOCATION: Dam Monolith STATION: 7+UC0 to 7+4,

REFERENCE EXPLORATORY BORINGS:
(1) Fre-contract: 56

(2) During Contract: 205

FOUNDATION:

(1) Elevation: 10601)

(2) Dimensions: Width 40' 0'; Length 29' :-1/2

(7) Description: Fine grained, gray silty sandstone

(4) Special or Unusual Conditions: Several

north-northeast trending joints in foundation floor

(5) Treatment: Standard clean-up: Brush grout open joints

before concrete placement

(6) Dewatering: Standard small sump pumps used during

concrete placement

(7) Instrumentation: None

(8) Photographs: 275 to 296

(See Volume II of this report)

(9) First Placement: 20 September 1985

U.S. ANMY. r"N DISTRICT

FOUNDATION REPORT
WEST FORK RIVER. WEST VIRGINIA
STONEWALL JACKSON DAM

STATISTICAL DATA

MONOLITH - l0

RXWUIr NO. 0-i$A



MONOLITH 16
FOUNDING ELEV. 1060
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PHOTOGRAPHS

U.S. ARMY, NUMIM14TGON DISTRICT

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA
STONEWALL JACKSON DAM

EXPLORATORY BORINGS
INSTRUMENTATION
PHOTOGRAPHS

Oslo:* I" - so, PLAN VIEW

EXHISIT NO. O-18l
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FOUNDATIO3N GEOLOGY

MONOLITH NOS. 17, 18. t9

LOCATION: Stillinq Basin 3-ToTioN: 1+657. 77 toC+9-.)D
Right Training Wall

REFERENCE EXPLORC)TOCF< D08 1NGS:
(1) Frz-coritract: 1"5

(2) During Contr-,ct: None

FOUNDA~T ION:
(1) EIL-vtio-: 998

D2) irnensicns: Width 2(-1 )"26 (_-'; Lencjtlh '_-S S

7)Doscri pti or: Medium-T gray, s and,, sil Lz o.ne ji th d, r4-

-herty ricl usi ons

4) Special or U1nUSLLAl Condi tions. None

(5) Treatment: Standard final cleann-up

(6) Deviateri~ng: Stazndard sall sump pumpsQ: used r1r;
concrete pl acemnent

(7) Ir trumentkti n: None

(9) Photoqrcnpha:: 1-12, 177, 7 to 111
(Sk., Volume 11 of thici repjorL)

(9) f> rst Fl e-cement: Movno1i Lh 17 Ut Decrnbher 11734

In ii t I 19 Ni f4v fT hr 1934

U.6. ARMY. NUKyrN iow D09ticUlr

FrOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA
STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITHS 17. Is, 19

EXHIBIT NO. 9-17A
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FOUNDATION GEOLOGY

MONOLITH NOS. 20, 21, -22 P, BAFFEL SECTION

LOCATION: Stilling Basin STATION: 0+95.77N to 1+74.77N
Left Training Wall

REFERENCE EXPLORATORY BORINGS:
(1) Fre-contract: 76, 95

(2) During Contract: None

FOUNDAT ION:
(1) Elevation: 998

(2) Dimensions: Width 20' C0"/26' 0; Length 79 0

(3) Description: Fine grained, silty sandstone and sandy
shale with cherty inclusions

(4) Special or Unusual Conditions: None

(5) Treatment: Standard final clean-up

(6) Dewatering: Standard small sump pumps used during
concrete placement

(7) Instrumentation: None

(8) Photographs: 30, 31, 39 to 41, 88, 89

(See Volume II of this report)

(9) First Placement: Monolith 20 27 July 1984
Monolith 21 15 Juno 1984
Monolith 22 08 June 1984

Baffel Section 20 June 1984

U.S. LAM". NUNT"HMM OSSTOCT

FOUNDATION REPORT
WEST FORK RIVER, WEST VIRGINIA

STONEWALL JACKSON DAM

STATISTICAL DATA
MONOLITHS 20, It1. 22

EXHI*IT NO. S-1SA
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U.S. ARMY, HUN4TINGTON DISTRICT
CORPS Or ENGINEERS

FOUNDATION REPORT
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PHOTOGRAPHS
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FOUNDATION GEOLOGY

MONOLITH NO. 1A - 5C

LOCATION: Stilling Basin STATION: -+I- to 4415

REFERENCE EXFLORATORY BORINGS:
(1) Fre-contract: 86, 87, 117A, 112A

(2) During Contract: 211, 220, 221

FOUNDAT ION:
(1) Elevation: 998

(2) Dimensions: Width 105' C)", Length 58' 0"/61' 6"

(7) Description: Medium gray, sandy siltstone with dark
cherty inclusions

(4) Special or Unusual Conditions: Install anchor rods
and drain hole pipe before concrete placement

(5) Treatment: Standard final clean--up

(6) Dewatering: Standard small sump pumps used during
concrete placement

(7) Instrumentation: None

(8) Fhotographs: 1C)9, 110, 129, 10, 121, 124, 1 -5
141-156, 159-162
(See Volume II of this report)

(9) First Flacement:
13 4

A t--- 15-84 10-24-84 11-1 4--84 1 -27-84 t2 05--Si4
B It])-17-84 1 -29- Bi- ii -1 84 11-29-34 1 -I .S I
C 11-05-84 1 1- 17-134 1.2- I 1 -r34 1 -20-84 12-i 5 -S

- U.9. AMY. NUTINUI DI YT--ICT
Coops or muammus_____

FOUNDATION REPORT
WEST PORK RIVER, WEST VIRGINIA
STONEWALL JACKSON DAM

STATISTICAL DATA

STILLING BASIN

EXHIBIT NO. 9-I9A
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9> 0-5 ----

R500 Z5 5# NOTES:I~ A. Total bag of cement, rounded to

R500 I PP~ rearest whole number, placed in

0 .-- 1 0 00') hole during pressure grouting.
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R15 t ~ --- - -

id~~ t- ARMY. HUOUN-TIO REPOTC

gal WEST FORK RIVER, WEST VIRGINIA
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NOTES:

0 A. Total bag of cement, rounded to

nearest whole number, placed in

ABUTMENT. .hole during pressure grouting.
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NOTES:

'.. "atiibag of cement, rounded to

nearest whole number, placed in
hale during pressure grouting.

00 ~v....

r4-

A-4

......... ....e...................
r.1*

A;* //

/ P.. . . .v . . .

X r .. .. ... .. .. . ........

. . . . . . . . . . . . . . . . . . . . . . . . . . . ..

UNDATIO REPORT

17 WESTPORK RIVER. WEST VIRGINIA

td STONEWALL JACKSON DAM

'7 'VGROUT CURTAIN
DRAINAGE GALLERY

STA. 1-20.ms - 1-06.29
0 0

________________ 0EXHIny Mo. 11-3
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number Prefix:

R.R -Grout holes angled 200 u/s and toward right abutment.

RS-Grout holes drilled from surface of right abutment.

LL -' Grout holes angled 2100 u/s and toward left abutment.
12 Grout holes angled 20 0u/s and into the left abutment.

..... LS Grout holes drilled from surface of left abutment.

.. VV Grout holes drilled vertically near a monolith joint.
LD Special grout holes along Monolith 13 and 14 joint face.
GC =Exploratory NX core boring.
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Number Suffixi .... .......

PP = Primary holes (1st series) . ... .

SS = Secondary holes (2nd series)..................... -

T No. Tertlawy h~oles (Ord series) ....
Q No. h.gr~nr oles (4th series)...................................

FPUWOATIOW VVInVOR

hA. Total bag of cement, rounded to WEST POOK RIWR, WIWT VORGUA
nearest whole number, placed in . STONEWALL JACKOUM SLOW
hole during~ pressure grouting. .
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NOTES I

A. Total bag of cement, rounded to
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hole during pressure grouting. US N? U!NYNDiNC

P*@RPS@e OINKIINS
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A. Total bag of cement, rounded to
PP nearest whole number, placed inC ~hole during presurgoti.
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POUNDATION RPR
WEST PORK RIVERl WEST VING1IN1A
STONEWALL JACKSON DAM

GOUT URTAIM
GALLERY - LRPT PAW

ETA. 7.601-7 7489.00

EXIeffS NO. ti-SO
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OW NOTES:
A. Total bag of cement, rounded to

- Inearest whole number, placed in
hole during pressure grouting.
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EXPLORATORY BORINGS
STATISTICAL DATA PAGE O 3 PAOS

SUBJEiCT

4" DIAMETER EXPLORATORY DRILLING DURING CONSTRUCTION - BID ITE4 67

SUBCONTRACTOR - CROWN PRESSURE GROUTING CO.

17 JANUARY 1984 - 12 APRIL 1984

HOLS.I ELF V at-v. N.ow-cafN, FL-V. t"DEA. D&T3
N.. LOCA-rioN T/H sc.OTA 8/4 _oT__L c&"RK"0

200 Mon. 2 on Dam Axis 1062.5 1040.0 22.5 1010.0 30.0 2-08-8

201 Mon. 6 on Dam Axis 1005.8 1005.8 0.0 979.0 26.8 2-20-8

202 Mon. 8 on Dam Axis 1002.4 1002.4 0.0 975.0 27.4 2-23-8

203 Mon. 14 on Dam Axis 1042.5 1033.0 9.5 1008.0 25.0 3-08-8

204 Mon. 15 on Dam Axis 1084.8 1055.0 29.8 1030.0 25.0 4-03-8

205 Mon. 16 D/S, Lt. Corner 1092.1 1073.0 19.1 1048.0 25.0 4-12-8

206 Mon. 13/14 Joint, D/S 1041.3 1033.0 8.3 1008.0 25.0 3-12-8

207 Mon. 12 D/S, Lt. Corner 1039.2 1005.0 34.2 970.0 35.0 3-14-8

208 Mon. 11 D/S, Lt. Corner 1007.0 1002.0 5.0 970.0 32.0 4-09-84

209 Mon. 10 D/S, Lt. Corner 1037.3 1000.0 37.3 970.0 30.0 3-06-84

210 Mon. 9 D/S, Rt. Corner 1000.5 1000.5 o.0 970.0 30.5 2-24-8

211 Mon. 7 D/S, Rt. Corner 1003.9 1003.9 0.0 972.0 31.9 2-21-8

212 Mon. 6 D/S, Rt. Corner 1004.4 1004.4 0.0 979.0 25.4 2-22-8

213 Mon. 5 D/S, Rt. Corner 1013.9 1013.9 0.9 979.0 34.0 2-14-8

214 Mon. 4/5 Near Joint i01l.7 1011.7 0.0 979.0 32.7 2-15-8

215 Mon. 3 D/S, Rt. Corner 1055.9 1012.0 43.9 987.0 25.0 2-03-8

216 Mon. 2D/S, Rt. Corner 1081.6 1040.0 41.6 1015.0 25.0 1-31-8

217 Mon. 1 D/S, Rt. Corner 1094.4 1060.0 34.4 1035.0 25.0 2-09-84

BORINGS ADDED DURING
INITIAL PROGRAM

218 Mon. 12 25' D/S of Hole #207 1039.5 1039.5 0.0 970.0 69.5 3-29-8

219 Mon. 12/13 Joint on Axis 1037.7 1023.0 14.7 970.0 53.0 3-19-8
Rt.

220 5' D/S of Stilling Basin, Side 1000.6 1000.6 0.0 980.0 20.6 3-20-81
Lt.

221 5' D/S of Stilling Basin, Side 999.4 999.4 0.0 980.0 19.4 3-22-8
OR" FFw 11-Lt.



EXPLORATORY BORINGS
STATISTICAL DATA PAGE Or 3 PAGES

SU#SJ ErCT

ADDITIONAL 4" DIAMETER EXPLORATORY DRILLING DURING CONSTRUCTION - BID ITEM 67

SUBCONTRACTOR - CROWN PRESSURE GROUTING CO.

17 SEPTEMBER 1984 - 11 OCTOBER 1984
-JL _ _ - -EV L- A"V(wE&S ''t,. 040 Or-AT) 0 ~STARTJAa o0L,. ].OCATiO 10 P /, C J FiM~o EJ/5i fDIA, Vorg

222 Mon. 12 D/S Middle 1038.2 1005.0 33.2 980.0 25.0 9-27-8

223 Mon. 13 D/S Middle 1040.3 1030.0 10.3 970.0 60.0 10-04-8

224 Mon. 12/13 Joint 1039.6 1020.0 19.6 985.0 35.0 9-19-8

225 Mon. 12/13 Joint 1039.2 1020.0 19.2 985.0 35.0 9-24-8

226 Mon. 13/14 Joint 1040.0 1030.0 10.0 985.0 45.0 10-09-8,

6" DIAMETER EXPLORATORY DRILLING DURING CONSTRUCTION (MOD. NO. P00052)

SUBCONTRACTOR - B. H. MOTTS & SONS

10 MAY 1985 - 14 MAY 1985

NOLA EL.V. EiL.EV. "ODIA. oar"
Ae LoCAT) ONr/? /H CA

227 Mon. 12 Sta 5+73.5 Dam Axis 984.6 959.4 25.2 5-14-85

228 Mon. 12 Sta 5+57.8 Dam Axis 984.4 959.5 25.9 5-11-851

Sta 5+77.5
229 Mon. 12 16.8' D/S of Axis 983.8 961.7 22.1 5-13-85

Sta 5+76.5
230 Mon. I 27.2' D/S of Axis 984.5 963.5 21.0 5-13-85

Sta 5+66
231 Mon. 12 9.8' D/S of Axis 983.9 961.4 22.5 5-14-851

ORN F iA



EXPLORATORY BORINGS

STATISTICAL DATA
STTSICL . ..DI Page 3 of 3 Pagesl

3-INCH DIAMETER EXPLORATORY DRILLING - GROUT CURTAIN

SUBCONTRACTOR - PENNSYLVANIA DRILLING CO.

24 MARCH 1986 - 30 MAY 1986
Hole Mono. Elev. Elev. Elev. Date

No. Location No. T/H T/R B/H Completed
Rt.

GC-l 1+11.50 Abut. 1102.0 1081.0 995.9 5-08-86

GC-2 J 1+62 2 1039.0 1020.2 961.0 4-25-86

GC-3 4+56 8 993.7 984.0 931.5 5-15-86

GC-4 5+70 12 1007.5 981.6 930.6 5-13-86

GC-5 6+17 13 1032.5 996.8 945.1 5-12-86

GC-6 1+98.75 3 1005.0 995.6 994.5 5-27-86

GC-7 2+07.05 3 1005.0 995.6 994.5 5-27-86
Lt.

GC-8 7+51.50 Abut. 1102.0 1082.0 1009.5 5-30-86

ORo FOM4
7 DEC 44 q37
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6. DPROECTO OP SOLE AND YPE ED Diamond~
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Ot so Los vr .10103 032. Lorz ss atn
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mod, hard, mod. gara,. r SS 100206.
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DIUWN LOG (Cam. S VATOP OF" Hoi No. l00
mODCT 7 WTAL.W '1'1 2

Stonewall Jackson Dam Pittsburgh District o 2 u*m
.SA1SI AVN OF MA1lU.A % CO .OX 02

FVAT of"" LW wCOv- SAMPLI (D'."Ms. m t., dh

a b c d _ f I

mod. hard, gray, sandy Box 5
1011.0. - zone 1014 to 1012.7 LO 0IOILO 1023.1-1022.1 sta.

BOTTOM OF HOLE high angle bkn jts.
1.0 core left in Hole 1022. Found Elev.

Mono 2

1020.7 low angle slick
parting
slick partings @
1019, 1018.4, 1017.5
1017.4-1017.1 high

angle fract's,

parted along slick
fractures @ 1016.6
1016.3, 1015.5 -
1014.8

1016, iron nodules
1014.6-1014.0 overcored
with gray clayey
coating.
1013.7-irregular slick
partings.

W"O FORM I U6M-Ao
AIM - -;TnNFWAT I TACK;( 

1x

: . .. m mmm e, ,, m m m m ,amI



Hole. He. 201
oVISION INSTALLATIONSHE

DRILLING, LOG. 1Ohio River Pittsburgh District or C- '

I PROJECT IS. SIZE AMD TPE Of' BIT
Stonwal JacwonD~ . DAUM OR LEVATION SHOWN (795 - MSL)

2. LOCATION ( C ,4 
MSMono 6 - UPST. Center 12 MANUFACTURERS DEIGNATION Of DRILL

S. DRILLING AGIENCY Sprague & Henwood 40C
Crown Pressure Groutin Co. 13. TOTAL NO. OF OVER'. OI.TU. -'.E"S4. HOLE NO. (As sh..,- An 1,. BURDEN SAMPLES TAKEN

.d NAME OF6,N0LLER 14. TOTAL NUMBER COME BOXES 4
t. NAddi 

IS.RLLR 5 ELEVATION GROUND WATER Artesian Flow.DIRECIN OF!L 
TRE C OPLEV EDS.DIECIOIO HLE1 DATE HOLE .16 Feb 84 20 Feb 84

MVRTICAL C-INC~lNED -______ DEC. FED, VERT.

7 THICKNESS OF OVERBURDEN 0 IsOHLE 10.
IS. TOTAL CORE RECOVERY FOR BORING 9

4. DEPTH DRILLED INTO ROCK 26.9 IN. SIGNATURE OF INSPECTOR

9. TOTAL DEPTH OF HOLE 265.9 Dave Nugen_________________

KLVTO ET EED CLASSIFICATI[ON OF MATERIALS % CORE sox OR REMARKS
ELEVTIO-DEPH LGEN RECOV. SAMPLE (OrI,9111d .a.. -~ los. depih of

1005. 8 (*10P.IERY NO. .9Ifj *It ISdIII~

CLAYESTONE, o, lad, 8 029Oe otc

1000.6 SITTONE mod hard. med. 1001.4 - 1001.5 mech.

MBox 998.1 - 998.0db n.8on

medS go.h r 9. e ar, .ga

988md. gr. say cai. sl Areia lo egn

B oao ng on8. part.0 ing. o
9 98.2 SILTSHALE, mod. hard, gry 10siw.casoelm

986. fin graine si Mno

SILTSTONE, mod, hard, cr, 99r.98. non wad, . pratn

SLADSTOE, hard, silt, 100 filledith cuttbeins.
993.4 fine gr.and, grayc 98.4lo agl

908SILTSHALE, mod, hard. med. 3 on-staind 9ontact.

97. scatgi, ow ci. mech. partin

9)9.2LIMESTONE. hard, gray 97.497. tight
972SILTSTONE, mod, hard. gr.1D

98.9 Sr..TNE sand .shard, 10 978.98.no d patg

SANDSFOOE UPON, COMPLETIN.

98. lwanl

983. fine grind grayFT 1. 1



Hole No. 202
DIVISI NINSTALLATION

DRILLING LOG hoRie Pi ttsburgh District SHEETS

I ROJECT 10 SIZE ANO TYPE OF SIT 4-inch Diamond

2. LOCATION (Ce0-edM.. fS n D MSLN

Mono 8-upst. Centerline 12 MANUFACTURER'S DESIGNATION OF DRILL

3. DRILLING AGENCY

Crw Prsue ruig Sprague & Henwood 40 C
4.HLIO.(*f. il TOLNNO. OF OVER. j DISURED NISTURBED
N. MOE NO.(A. A., ,~. ,jI.IOURDEN SAMPLES TAKEN --

S. NAME OF DRILLER IC TOTAL NUMBER CORE BOXES 4
R. Haddix IS. ELEVATION GROUND WATERAreinFo

N DIRECTION OF MOLE I~RE COMPLETED

aVERTICAL =INCLINED _______ DEG. FMO, VEpy. IS& DATE HOLE .22 Feb 84 23 Feb 84

7. THICKNESS OF OVERBURDEN 0NTOOFHL1024

8 DETH RILED NTOROC 275I1. TOTAL CORE RECOVERY FOR BORING 98. 5
B. DP~hDRILED NTOROCK 27. I, SIGNATURE OF INSPECTOR

S. TOTAL DEPTH OF MOLE 27.5 Dave Nu en
EEA DETLEED CLASSIFICATION OF MATERIALS F% CORE BXO EAK

1002.4 F.I1- RY NO.E %.IM.Ig jl. ,NI~.

CLAYSTONE, soft, gray, Loss 1002.4-1002.3

1000.6 badly weathered to 1001.3 94.4

SANDSTONE, silty, fine grain 1 1001.3-1001.0, silty
998.8 _______ a. mod hard. 0CC. wd part. 85 SS w/ high angle open

CLAYSTONE, soft to mod. oint.
lard, med gray 100 1000O.6-1000.3 - loss

r SANDSTONE, it fine
21 _qd, mod ihaA. gray : 995. 3 1000.2-1000.0, open

99.6SILTSTONE, mod, hard, med. high angle frac.

at%.* w/occ. incl. 1999.4 - core spin
993.1 SAINDSTONE silty, tine

grain, moil hard to hard, 100 998.1 - irregular

gray, part along silty lamF 2 contact

991.2 ____________

SILTSHALE, mod hard, Ar teiian flow after
990. 6 d k.~r 1/a. runa

998.5 e ~ - 998.8

ICLAYSTONE, soft, gray 10 985.4-985.3 broken
- slk, wd. , cal. incl. 10 985.2 low angle irreg.

SANDSTONE silty, fine ~prig
grained, AIard, med gr. 3 985.0 found El. Mono 8

m i cac eous
biLTSTONE, sandy,-Mod. - !- 10 992.8-982.3 silt

1hard, med. gr. shaly 1  shale inc.

981.7_______ 981.9
91, - - SANDSTONE, silty,' fine - 982. 8- 982. 6- 45'

grained, hard,_med. gray r calc. zone w/smooth
open slick pyrite partini

979.0 - SILTSTONE, shalv, mod,

97-\hard, &r w/calc inc. I 100 4 982.5-982.3 mech bk.

SCLAYSTONE, dk. gr. skl. , /978. 2-978.0 bkn.

mod, hard 977.8-977.0 sandy zo.

SILTSTONE, mod, hard, 974.9,45' slick pati-ga
9749 - shaly, dark gr. 100

BOTTOM OF HOLE
Heavy artesian
flow upon completion
(15-20 gpm)

JW1 __ _ __ _ __ p _ __ _ __ _



maleN. 3
DIVISION MST AILL.ATION fE -

DRILIG OG Ohio River Fitrtsbur h D'stri-
IPROJECT 10 SIZE AMC) TYPE OF SIT - 1

Stonewall JacsnLk anDTMFO LVTO XW'R
2 LOCATION (CoadX.eSg MSL

Moo 4 t . Corner 12 MANUFACTURERS DESIGNATION OF O-L
SRLNGM AE -CY -Sprague & lienwood 40C

Crown Pressure Grouti~ng C.o. IS TOTAL " or OVER. ~ ~ .U.~~ s
SOLIE MO0 'A. UM.- *N I.S UREN SAMPLES AKE

203 14 TOTAL NUMBER CORE BOXES
S. NAME OF DRILLER ___________________________

R. Haddix 13 ELEVATION GROUND WATER 02.
B DIRECTION OF HOLE IIT~ .- 0O~.E

..ErXA L_ =I-CUED_______ SEQ. -. YC .- I AEML 29 Feb 84 3 Mar 84

17 ELEVATION TOP OF MOLE 1042. 5
7 THICKNESS OF OVERB1URDEM Wasted Rock 8.8 10 TOT AL CORE RECOVERY F'OR BORING 99.
B DEPFI* DRILLED INTO ROCK Core 26. 7 412. SIGNATURE OF INSPECTOR

B TOTAL, DEPTH OF MOLE 35.5 JDave Nu __________________

S OR BX OR _REMARKS

Rock Not Sampled IDrilled with Da:ev
Air Dril I mad T irc-Te
Roller Bit
to 123 3. 7

1033 ________________ __

SANDSTONE, hard, fine to
med. grained, med. gray,

q micaceous, occ.
: ross bedded. '3

stained along horz. si.
l am. ) 032.9
LAYSTONE. !am 1031.8- :132-,

10 3 i 6 __

higth anigle ,pen ,n
131.-l1030 1

pa rt in~ v,3
-. Vren

-taTned en .r' ir

- 3 1 I -~ I *,j

..:A, ST ONF tttl,' i r d. 7A.

0 i3 1 k. .rw, ni. ~S r, m N
0103 ;0 -' 5.3 . 8 _ __

-'-TSANDSTNE. mod. nvmc:. metI r~ -

009. 1 ; r . ;-,e iraine(!, r, 1.3

1007.0 SILTSTONE. >tmd nid *

j ..-~-------~ lavey, med griv. .:(

4 SANDSTONE, myd. ha rd ,1 .
mled. gr . , , i Itv , w, CLSSI.S ...........
shear zore 31-

Bottom Of Hole ' ~ 1

hvared n' l1

ENG~' FOM



HI~ie Me. 0 4

ORILLiNG LOG .0hoR- r~~' F SE-
I PROJECT 

10 SIZE ^ND TYPE OF B'8.I~l

Stonewall Jackson Lake Dam IDTMORE.AOSHRN'B SL

Mono U5-Ipst. LF1CrnrIA UFACTURER S DESIGNAVIO, OF 001-
3 DRILLING AGENCY Srge&Hnod uCrown Pres Sure Crouting S1 TOALu NO OeF oo .uC 1 11 S .

A- HOLE NO (A.,, a. r *..g mI ! BUR D EN SAMPLES TA KEN - -- ------

S. AME OFDRILER 1 
T

OTAL NUMBER COBE ROXES

. HddIS1 ELEVATION GROUND WATER 01)34. 3

:jVIIRIC1 INLIED_ _ DE. .. *NB1 DATE HOLE -1April 84 13 April 84

7 THICKNESS OF OVERBURDEN Wasted Rock 29. 5 LVTO O EHL 8.
It TOTAL CORE RECOVERY FOR BORING 0

B DEPTH DRILLED INTO ROCK Core 25.9 19 SIGNATURE OF INSPECTOR

SI TOTAL. DEPTH 001 HOLE 55.4 Dave Nugen
ELEVATION DEPTH LEGEND' CLASSIFICATION. OF MATERIALS SCOR EBOORFll REMARKS A

D....RECO V. SAMPLE .s,,ls.dp
10ERY NO .ISIW.*C0I5i,115N

Not Sampled I Rclier Bit

2z

1055.3

INDURATED CLAY, soft -mod. 1051.8-1050.0 closely
hard, red, slickensided spaced high angle
Wlocc calcite fi1. frac's & 00 slick partings

occ. SLS nods, sandy. 1050.5-1050.0 vc
1052.3-1052.0 high broken
angle trac. w/bkn sik pas. 1049.4-1048.5 grav

i048.5 thin white calcite
:04.5 ___I - -- 100 1048. fil frac's

1SILTSTONE, mod hard-hard 1048.5-1048.1 high
04.0red-gr. , clayey-sandv angle, healed trac:'s

-0 -.0 2 1044-[042.9 open wd.
SANDSTONE, mod hard to hard, stained high angle to

-7: med gray, very finc grained 111o vertical joint
1043. 5 ____ r,, in- s z 1043.8-1043.2 over-

CLAYSTONEmdhr me cored
1042.1gray, cac in. calcite' 100 1041.8 1041.5-1040.8 high

~~L1J ~ SANDSTONE, mod hard-hard agece t. cn

1039., fine frained, silty gray

CLAYSTONE, 'Mod, hard I
:037-dk. gr. calc Inc I & illin~i

0 5 SILTSTnN., mod hard, gr. "'I_' 10315. CLAYSTONE. dk. zr.

ICLAYSTONE. mdhard. s1 calcite fil 'rac's & inc r
ENG FORM ~ RjC OLE NO



DRIWNO LOG (Ct S.l IVATW - 01 " 1084.8 HOle No. 204
POIKT ---- TOVAUATON

Stonewall Jackson Dam I Pittsburgh District 2sm
O.ASSWKAnOm Of MATIRLAU % COot OX OR IeAuKS

DICOTO IETH L I DAMtE (D.U.Mg #.. .I, d

a b C d t f I

1014-2 SILTSToNE, mod. hard, dk. 103.1-103. kn.
gr. w/calcite healed frac's, 1032 r-131. bkn.,

- - 100 slick parting, w/sta.
CLAYSTONE. mod. hard, dk. SH. frags and trace

1031.2 .ray, w/hard, calc. incl. gray clay

1029.4 land filled frac's 100 031.2 open calcite
02. S __ANDSTONE, hard, silty, c f ofine rain gra / ! crystal filled contact

fine grain, gray Ialc.

coated parting.Bottom Of Hole I 0.8 left in hole

136-A



53Dlit I ONINSTALL rioN b

DRILLING LOG (hio River P ittsbur h D,,tr:rt If
7-;BOJECT 10 SIZE AND TYPE OF SIT 1ff I -1n .D Di1v1tcmnd
Stonewall Jackson Lake Dam AUMOBLVATION SHOWN TM AL

2LOCATION (C (s,,.. MSL
DNST. 1.?. Corner of Mono 16 '2 ANUrACTURIERS OS IGNATION OF DRI.LL

3. DRILLING AGENCYSpau& ewo40Crown Pre Ssure Grouting I3, TOTALu NO O enoo OVR 0CU119
4. HOLE NO (A.@. h- *Win titleI BURDEN2 SAMPLES TAKEN --------

5. NAME OF DRILLER 20S I A TOTAL NUMBER CORE sOxEs 4

R. Haddix IS ELEVATION GROUND WATER 1082, 1 Cumppr in
6 DIRECTION OF HOLE STARTED lcDR..,ars

16. DATE HOLE
CVERTICAL. Ono1.IE FROM vg- - .T 11 April 84 12 April R48/

17 ELEVATI ON TOP OF HOLE 1092. 1
7THICKNESS OF OVERBnURDEN Waste,] Rock 19-R 1B. TOTAL CORE RECOVERY FOR BORING 100

9, DEPTH DRILLED INTO ROCK Core 25 .7 0.5GN 1REO INSPECTOR

S. TOTAL DEPTH OF HOLE 44.5 Dave Nuizen
fbVTa ET o CLAS31FICATION OF MATERIALS % CORE BOX OR ... REM1ARKS

DEPTHLEGED (DAA~lpl~ RCOV.SAMPLE IDIIF. Ii. I.... dAWh .#
2ERY No. .talJ I.I*dll~t

A--AIO bA

Rock Not Sampled

1073.3

SILTSTONE, mod. hard, med 10'2.8 open high ang.

gr. , w/lt. gr. fine grained 100 sr.~ined joint

1069.8 mod hard SS laminations I low angle stained
partings a1072.6,

CLAYSTONE/INDURATED CLAY, 1072.2, 1072.1. 1071.9,
soft to mod, hard, 1071.6
slickensided. gray to 1066.' 07816. ote1067.-n06h rotle

browishred100 red & gr. w/carb.
1069.6-1069.4 stained,tkn. sra 07816.

1068.4-1068.1 bkn. slk. - 1067.0, slick .5' DF

1068.1-1067.8 wd, bkn. angle5 D lic /mlow

!00 ironstone inc.
1060.4 1064.9-1064'.4 wd. broken

1057.8 fine to med. grained, silty 1062. 1- 106 1.8 slIic k mec

1056.7 ______SILTSTONE, med. hard, med. 10 3 parting

tray, w/calc. inclusions 101060.0 founding EL.

1059. 7- 1059 .1, non-
CLAYSTONE, sandy, mod, hard, stained, hi ang. mech.
slickenaided, red wlocc. 1052.6 fracture along path
gray 100 - o f tight frac. extendin)
1052.2-1050.7clsy

- ~spaced la, sik. partig -to15.

SILSTNE md, hard, med. 1056.7 open irregular

gray, w/thin white calcite

1047.6 ~healed fractures10 1476cnat

10047.650. ______t

Bottom Of Hole fille-d 50. frac tte

ENG FORM 1836 AA D- noA .. F ftRII F- mi'.,



Mel.t Mo. 206

ORILLINC. LOC. ho ie Pittsbur gh District, or S.ECTS

I ROJECT I0 SIZE AMC TYfE OF BIT 4-inch ID Diamond
Stonewall Jackson Lake Damn 11DATUM FOR 9LEVTO HW 7M AL

2. LOCATION (C-om ., S,.N,j ML

on2 it- 13/14 12 MANUFACTURIER-S DESIGNATION Of DRILL
Lo.DRILLIN _ AGNYSpau& e o40
Crown Pressure Grouti±ng Spa- 13 TOnwoo NO4f0C. C 11TA9

A OGLE NO. (A. oth - &.-..g lot1. BURDOEN SAMPLES TAKEN ---_---
.. lt II. el 206 __

S. NAME Of GRILLER I4, TOTAL NUM"BER CORE BOXES 4
R. Haddix 15. ELEVATION GROUND WATER

6. DIRECTION OF HOLE 19 ATEHOL l-1O I COLEE
Z]VERTICAL INCLINIZO OKA. FROM VCRV. lBDT.OE 29 Feb 84 12 Mar 84

7 TIIICKNIESS Or OVERBURDEN Wasted Rock 8. 1 ,ELVTOTPOFHZ101.

B OPTI DRLLE ITO OCKCor1I. TOTAL CORE RECOVERY FOR BORING 1006,DPHDILD NORC oe26. 3 IN. SIGN4ATURE Of INSPECTOR
9. TOTAL 0EPTH OF HOLE 34.4 Dave Mugen
ELIEVATION DIEPTS LEGEND CLASSIFICATICON OF MATERIALS % CORE Box OR REMARKS

(D...,ipoI.FI RECOV. SAMPLE (G),qirw. I**. -I-I. S... dono"A .8

Not Sampled Drilled with Davey Air
Drill and Tricone Rock
Bit

1~1~ - - SANDSTONE. mod. hard gr,
1018fine grained, silty 1028.1 Lost Drill

- - ILTSTONE, mod. hard, dk. 100 water

r. sandy, shaly 1027. Founding Elev
Mono 14.

CLAYSTONE, soft-mod hard,

SANDSTONE, fine-med grained,
hard, gray, within dk gr.
mica lam, stained from 100 11. oz atn
1029.1-1027.1 wd. open, 11. oz atn

br, sand fi. high angle 2 w/frac. & gr. clay

jt. 1028.6-1028.1 coating
1016 - 0.2 gouge w~low
angle soft gr.

LOO CL. filling @ contact

11. 1015.7-1LOI.. wd la
frac.

1017.6 1015.3-1014.3 bkn. irreg
non-sta. high angle

l~60SANDSTONE, mod-hard, hard 3 joint.1060fine grained, med gray T_ 10420onin0L
micaceous1042Fudn EL

SILTSTONE, mod, hard, dk. Mono 13
1013.9 - ray. w/calcareous inc. 101" 1013.3-1013.1 bkn. sta.

--open, high angle joint

SANDSTONE, mod, hard, med.102902. sit
gray, silty, fine grained, 100 zone

clayey below 1008.7 4 1012.7-1011.9 open

1009.0-1008.7 CLS zo. -irregular high angle

100.4w/soft plastic clay lens joint set w/trace
1007.4___________ 100 clayey coating

JL~q1_J- - - - LAYSTONE. soft. med gr..10.

1011.3 clay coated part-
Bottom of Hole ing

1010.9-1010.4 silty
zone

1010.9-1010.7 low
angle joint
1007.0-1006.9 very

soft. carbanceous

ENG FORM p jo PROJECT, I-OLE .0



Note No. 20 7
0 VISION INSTALLATION SHEET 7

DRILLING LOG Ohio River OFrbrhDqrit10, SHeETS

I ROJECT 10 SIZE AND TYPE OF BIT 4-inch ED Dilamond
Stonewall Jackson Lake Damn I.ATUM FOR ELEVATION SHOWN tTUM _A4SLj

t LOCATION [C-0dbof*4 0, 3-twOS

Mono 12 D/S LF. Corner 12. MNFACTURER'S DESIGNATION Or DRILl.

2. DRtILLING AGENCY SnrAgilp-Henwood 40C
Crown Pres.r CrAMO.O VI-E ""60-nS-9

4. HOLE No. (A.sA~~ h-~ an *S ,,II BURDEN SAMPLES TAKE ---- ---O--N.OFOE. ITIRE

s'd II, -*so207 4. TOTAL NUMBER CORE BOXES 5
S. NAME OF DRILLER

R. Haddix IS, ELEVATION GROUND WATER--

B. DIRECTION Of HOLE ISTAREDCOL0E
16 DATEHL

CMSRV-C*L TINCLIED D 0. R RHRT. 1 OE 29 Feb 84

7. THICKNESS OF OVERBURDEN Wasted Rock 34. 2 17 ELV aO TOPCOVER HOLE B039.2
IS TO-TAL CORE EOEYFRBRN

. DEPTH DRILLED INFO ROCK Core 33.6 IN INTR O NPCO
9. TOTAL DEPTH OF HOLE 67.8 Dave Nugen __

ELVTO ET EED CLASSIFICATI[ON OF MATERIALS %CORE BOX OR REMARKS4 '
ELEATIN DPTHLEGND(D..-,j,,s RECOV- SAMPILE -OII., I H-I..d*~

1039.2 ER NO ..dIg I..I IHllfI

Not Sampled Drilled With
Davey Air Drill
and Tni-Cone Bit

Start Retaining

Core 1.0 Below
Coal Seam.

1005.0 ____________

CLAYSTONE, mod. hard, med. 1004.0, low angle parting

1002.8 gray, sandy, silty too0 1004.0-1003.4 high ang.
slickensided, tight frac.

SILTSTONE, mod, hard to loosing drill water
hard, med. gray through rock into

1000.0 1002.8 low angle open pa. diversion channel

SANDSTONE, hard, Eine-'aIed, approx 1019.
99. grained, gr., micaceous 109.9999.0 low angle frac.

SILTSTONE, mod, hard, med. 997.9-996.6 vertical,
gray, sandy, w/occ. hard irreg. bkn. open, non-
calc nodulesstie .

99.92 set. poss. mnech. induced
994.1 - - SILTSHALE, mod, hard, dk. gr. 100 996.0-995.6 parting alonA:1

- 0. n-md hrd CS high angle frac.
SANDSTONE, mod. hard-hard, 94.4 3/8" ,s'Er gr. claiv
med. grained, gray 91.2 searn w/shale ~ss

EMIG FORM 18 36 -OO,.uq VOITIONS ARE ORSOLE'F ILES



I'* fWAIU f O NOU

DRIIJNG LOG (Cont Shee) 1039.2 2ole No. 207~MoC '' 4STALAATIOI WI 2

Stonewall Jackson Dam Pittsburgh District I 2 $e'
CLASSWKnON OF MRLS % CO4E box on ALMUKS

IEVA nlON D I"I L E0O M AI-IL4U EC V P O. , . ,.., .I, ..

a b c d * f S

SANDSTONE, cont'd 986.3-986.1 soft, gray.
987.7 -100 3 clay filled frac. w/shale

986.4 SILTSHALE, mod. hard, dk. breccia

- gr. w/closely spaced pa's.- 985.7-985.2 non-stained,

CLAYSTONE, soft, dk. gr. 100 broken
983.7 sl., bkn w/mn gouge & brecci 985.3-984.5, soft gr.- SANDSTONE, mod hard, 'U clay fil. grac. w/brecciz

fine grained, silty, highly 984.5-983.7 bery bkn

fractured, broken, composed 60 w/CLAYSTONE frags in

979.8 of sheared rock frags & clay 1.2 soft clay matrix

SILTSTONE, mod hard, dk. 100 Loss 1.2
r, miaceous 978.0 982.4 and 981.3, SS

CLAYSHALE, soft-mod hard frags in Clay matrix

976.7 . dk r. grading sandy below r 979.2, clay filled
SILTTONE, mod, hard-hard fracture 1/8" thick

- snmed - dk. gray, 979.-978.8 DF-slick975.1 gray,978.8-978.5 
bkn, frac.

972.8 SILTSHALE, mod. hard, on slick DF

100 977.2, .05 LIMESTONE
971.4 ICLAYSHALE, mod. hard, 71.5 low anale slick

!calcerous nodules, dk. gr.

Bottom of Hole

3O

"V N

DO MM 1836-A *



Mel*eN.. 2'08
DlVIIIII INS ALL T ON S,,el s

DRILLING LOG Ohio River Pittsburgh District 10 o SCI
PaoJEc 10 31 SZE AND TIRE OF BIT 4 -inch 11)D Diamond

STONEWALL JACKSON LAKE DAM I AU FREEATION SHOWN rTBM - ML)

2. LOCATION (Co-dM.-,Si.~ MSL
DS LF Corner. Mo no 11 in Diversion Ch. 12 MANUFACTURER'S DE31GNATION OF DRILL

3. DRILLING AGENCY Sprague & Henwood 40C
Crown Pressure Grouting is. TOTAL NO. OF OVER. Qi*T .090

A. HOLE NO. (A. sho- * dawd tic,I BURDEN SAMPLES TAKEN
.. d U1* .K 208

S. NAME OF DRILLER IN TOTAL NUMBER CORE 11O1,9 5
R. Haddix IS. ELEVATION GROUND WATER 1011 .5 1complet icon

4. DIRECTION OF MOLE 9-AR190 COUFLCVEO

g3ERTICAL C.1C-C ______ 094. FRM VR'. 1,DTMOE 4 Apr 84 9 Apr 84
- I17 ELEVATION TOP Of MOLE _1007.0

7 THICKNESS of OVERBURDEN -Wasted Rock 4.8
-- I. TOTAL CORE RECOVERY FOR BORING 99

B, DEPTHI DRILLED INTO ROCK Core 31.9 I.SIGNATURE OF' INSPECTOR

N. TOTAL DEPTH OF HOLE 36. 7 Dave Nugen

ELEVATION DEPTH LEGEND 0 CLASSIFICATION OF MATERIALS ~ OEBI RREMARKSREIMCO0V. ISAMPLE (DrIII,,, tAW. W Jos.. dEAh of
1007.0 ERY NO0 IIW. It I.d~IU,.

Not Sampled

1002.2 ISILTSTONE, mod, hard,----

1001.4 med. gr. , sandy, caic. nod.

SANDSTONE, hard, gray, fine 1002.0-1001.8 vert.
grained, silty, cross- 10 1 tight frac.

-9. bedded 10 1 1001.4 wd. parting
CLAYSTONE, soft-mod contact.

997.0 hard. gray. shali' 1001.4-1001.0, 1001.2

SANDSTONE. hard, gray, -1000.9 hi angle open
fine grained, silty, w/ 995.2 jts.
irregular shale liminations 1001.1 Lost drill water

and breaks. 96 iOZ regained and lost
997.0-995.4 closely spaced 999.3-999.1 ClSh !am.
coated, sli angular parting 0) 998.0-997.5 wd/w frac's.

991.3 _______________2 997.8-997.5 ve. bkn. wd,

SILTSHALE, mod-hard. dk. O gr. clay w/some f rags
989.5 ___ rav w/calr noduiles 9007,1-997'.0, overcored

98.1SILTSTONE, mod. hard, shaly, 996.8-995.4 high angle

- sandy, mica lam's. 988.1 tco vert. open non-sta.

joint
SANDSTONE, hard, light- 995.5-995 .2 very bkn.
maed gray, fine grained, 3 1995.2 Cl. coa on :ow DF
silty, x-bded, w/thin 992.5-992.3 SILTSRALE
mica lam's 100 lam., bkn w/soft 4r.
984.6-984.2 high ang. clay a992.4-992.3
open, non-sta It., clean - 981.6 989. 7-989.6 CLAYSTONE

980-6 soft, dk. izr. w/wd. :)A-

979.6 100 987.0 Founding El.
SILTSTONE, mod, hard. dk 4 Mono. 10 & 11
gr., sandy, shaly, w /ran* 98.,95..94
Ica incl. 958 8..94

977.1 S ILTSHALE, mod, hard, dk. low angle DF's
______- g. /ta cac. cI 980.f) tight contact

gr /tncac ic. r 978.7-9 8.5 5~kn, ;ik

974.7 CYTOE, soft-mod hard, 974. wso-,t 9r meLh b8.5

972.9 ~~~icltyndk. gray, V/tan II9'.-T ic.bn

- -SILTSTONE, mod, hard, dk.5

903gr. shaly. 100 97,
CLAYSTONE, mod, hard, Y'.-'.,~ heired,

dk. gr. sik. V/tan bkn. ili Vd. zo o: 4r.
calc inc. grades to Clav coated an~d
brown @ bottom filled frac's 9--7.

Bottom of Hole gr. cI. ti1. contact.

0.4 left in hole

ENIG FORM -.~~FRJC OLE 40



H4.. N.. 209
DIVISON IM

S T A

L
- L A T I O N  

IS.C[ I 1

RILLING LOG Ohio Riv Po 2 S.eETS

PROJECT 10 SIZE ANO T f OF BIT 
4
-inch ID Diamond

Stonewall Jackson Lake Cam I DATUM FOR ELEVATIO. HOWN S ;6 _.SL

2. LOCATION rC-od ... ,. - SMjP,) MSL

D/S LF. Corner Mono L0 ,2 MANUFACUNEI'S DESIGNATION Or ONILL
Crown Pressure Crouting Co. Sprague & Henwood 40C

r i TOTAL NO OP OVEN O,'*VUN-8 0 -*IEO1
4 HOLE NO (A. *Bo, -, d IUI. EUNDEN SAMPLES TAKEN -......

,,..' ,A..i, h. 209 B
4 TOTAL NUMBER COME BOXES

R. Haddix 1$ ELEVATION GROUND WATER 1012.7
, DIRECTION O OD KOCOLELMVENTICAL *NCLINCO _oOEPFOMK IE DATE HOLE 2 Feb 84 6 Mar 84

7 THICKNESS OF OVERBUROEN Wasted Rock 36.9 7 ELEVATION TOP OF HOLE 1037.3
IS TOTAL CONE RECOVENY FOR BONING 99 L

G DEPTH DRILLED INTO ROCK Core 30.3 I* SIGNATU
R
E Or INSPECTON

N. TOTAL DEPTH or HOLE 67.2 Dave Nugen

E D CLASSIFICATION Of MATENIALS % CONE sOx ON NEMANKS
ELEVATION OEPTH LEGEND 'O..nr#D1... NECOV- SAMPLE (OrII , ,M*. 1V KC*. demh .1

103Z. 3 1., EN NO
b_ - 9

Rock Not Sampled Start Coring

Approx. I' Below

Coal Seam.

I --
I

p Start saving -.re

a -a
p appax. I

1004 .4 ____________

- - -[

998.8, SANDSTONE. mod. hard. sl tine grained, j-rav

C .YS0E soft-mod, hard 00%Z Box. 999.8-999.1 has thle
999 1 tI frags1 appearance of shear

mdgouge, ver hrokn

9---9gr. , fine grained, silty99.-9.5cvtn

997. SILTSHALE. soft-mod hard, 974913 lvtn

grayseam, wd .. Iavev,

SANDSTONE, mod hard-hard 93 posible l,1w angIl, snear

nte in.7990.1-989.8 appearance
992.2 -j i,§0 of gouge

991.5t SILTSTONE, mod hard, med gzt 0.3 Soft fractured

I -T!%E o ad r

St HL m a r Box CLAYSTONE

.2MSOE odLaLr 0.51 mod, hard STI7STONE

SANDSTONE mod, hard-hard

EMO FORM 18 36 -OINSR0EOCECT -OL 10



DRILWNG LOG (Con# Shee)ifuv r o () 7 O. 3

PRAC $I W

Stonewall Jackson DamI Pittsburgh District ,2'

a ICAnON O MAVIRA % coal ao RMARKS
..VA -OC SO l Dng o, ,..W .p.°,

_ _ b _ d f

SANDSTONE, silty fine grained 100%' 987.0 Founding El.

med. gr. within silty Mono 10

laminations starting Box 983.8-982.4-vert.
9819 - 98 100% 3 high angle, open irr.

9SILTSTONE, mod. hard, sandy non-stained, Joint
9 . med. gr., w/hard tan nodule 985.3 grading very

-I silty.

CLAYSTONE, mod. hard, dark 9 982.4-slightly wd
to med gray, occ. slicken- parting
sided w/tan talc. iIOO%7 1 979.3-978.9 very bkn

inclusions, occ. sandy I Box w/slickensides and
zO's. 4 series of low angle pa' __
980.7 low angle slick to 978.5
parting 975.6 core spin

980.4 low angle parting 975.0-974.4 sandv zones
980.4-979.7 sandy zone 973.9 broken wd. partin _980.4--979.7 sandy zone -
977.3-976.6 sandy zone 972.8-972.0 sand cone

971.4971.8 low angle fracs
971.4BOX & occ. hard nod. to

970.4 INDURATED CLAY, mod. hard, " i970 971.4

-- red-reddish br., slicken- :
sided. Bottom of Hole

last run was over-
drilled-The core was
lelt in the hole
after the lirst run.

NIM1836-A*"" ** u0



Hoe wo
OWII NIN STALL A TION

DRILLING LOG Qhi Rive PIL~brw Ei~r

Stonewall Jackson Dam 1 ATUM aO ELEVATO s W. '4TM._I~eL.

M1ono 9 DS Right Corner -2 MNFCUESOSGA,, pO'
I DRLLIG AGNCYSprague &Henwood -.0I

Crown Pressure Grouting 13 TOTAL NO OF OVER.- ''~K
4. HOLE NO (A* Bm,,ewe il URDEN SAMPLES TAKEN

S AM O 04ILE I TOTAL NUMNEW CORE NOXIS -

R. Hadix ELVATIN GRUND ATERA r tes ian

6 ELREATION OOP HOLOEE00.

7~~~~~~~~~~ 7 KICKNIESS OF OVERSURIDEN 017EVAINTPOHLE 00.

IS DPTH RILLD INO ROK 310I1 TOTAL CORE RECOVERY FOR BORING
* ~ ~ ~ ~ ~ ~ I Orr RL[ NORC ISIGNATU RE OF INSPECTOR

IS TOTAL DEPTH4 Of HOLE 31.0 Daave Nuizen

EEAo.DPHIEEO CLASSIFICATION OF MATERIALS _CR OSO EMARK S
ELEVATION DE(C I LEGENO RIECOV. SAMPLE d~ .O1,. . K,,..1000.5) E RY NO .. ta...I*dl(*A

CLAYSTONE, very soft, wd.

999.L! _ _ rad to CLS wis iltstone mIr 66 999.7-999.4 OpenISANDSTONE, silty, mod, hard - ven,. fracture
QQ7~ f'm~ ry -- - 80 Box ,Z

SILTSTONE, sandy, mod, hard, Artest9.iabn atlow ac
995.8 med. gray, shaly 9

SANDSTONE, silty, fine -after 1st run
F grained, mod, hard to hard,

Iray, interbd. w/siltstone 993.8 98 oz tthl
lam., 0cc. calc. nod. 10098 oz.slthl

992.0 __ silty partings parting

910SILTSTONE, sandy, shaly 997.6 core spin at
991. _ Imod. hard, dk. gray Box contact

988.8 CLAYSTONE, mod, hard, dk. 2 997.4-997.1 mech.
- -Tray,,oce. sandy, a haly core loss.

-k 
1r 

t 
0 0

ISANDSTONE, silty, fine 986.7 989.2-988.8 bkn
grained. hard, med. gray soft, clayey, sik.

911-6987.3-986.8 mod.
98._ I________________ hard gray siltstome.

982.3 SILTSHALE, mod hard, gr. 100 Box

SANDSTONE, silty, fine 3 985. 6- 985.3 5 ech.

- grained, hard, gr, micacecus 90. broken

-CLAYSHALE, mod, hard, sandy Found C1ev. Meno
gr.,occ.slik, wocc9-985.0

977.0 large tan caic. incl. 100

- SILTSTONE, shaly, mod, hard, Box 983.6 Low angle contact
Idk. gr. v/tan caic. incl. - 4 w/trace gray clavev

occ. andycoat ing.
973. 3

-100 972.8 982.3 low angle cont.
SILTSHALE, mod, hard, dk.

971.2 gr. occ. sli sandy Box w/ac grycae
____ -coating

969.5 ~CLAYSTONE, ahaly, mod, hard,10 96.
969.5 ~gr. to hro~ n.___ 00 995_______

BOTTOM OF HOLE 977.5 irregular
slick parting

977.0-974.4 very s;andv
973.2, low angle solt
to mod, hard clavshile
parting.

970.8-970.5 mech. bkn
v/angular pieces.

ENG FORm I*- PoojEcT L'.



Dlvii NINSTLLATION
ORILLIMIG LOG Ohi Rve r Pitt sburgh District ' S.IEIEII .0OJEcT 10 SIZE AND TYP9 OF BIT 4 -inoch ID iJaon

Stonewall Jackson Dam I AU FREEATION SNOw N (ThH mX
2. LOCATION (C".d,.,I~~ MSL
MONO 7 DS Right- Corn'er 12 MANUPACTURER-S DES-GNATION OF DRILL

3CowLnG PrEsreCY un Sprague & Henwood 40 C
tw PrsueG 1,TOTAL NO OF OVER.- IILRE rCSI, E

4. HOLE NO (A. III- m .i i. BIURDEN SAMPLES TAKEN --

.. d '11 RU211
S. NAME Oft DRILLER 21IC. TOTAL NUMBER CORE BOXES 5

R. Haddix 1S5 ELEVATION GROUND WATER In
N. DIRECTION OF MOLE 0t. Lo CO IE

16 DATE HOLE ";IFb8
VERTICAL =fINCLINEDO _ DU. F.0*.90T.r. 20 Feb 84 21Fb 4

7 THICKNESS OF OVERBURDEN 0 L LVTO O FHL f(

Is. TOTA4L CORE RECOVERqV FOR BORING
S. DEPTHI DRILLED INTO ROCK 32.0 INSGNATURE OF INSPECTOR
9. TOTAL DESTM OF HOLE 32.0 DabeNugen

ILVTO IT EED CLASSIFICATION OF MATERIALS MCORE Box OR IREMARAS
ELVTON DE9 LEEN 'O.,pI.ECOV- SAMPLE III~1.,. .. *A.

ERY NO..0tS IA.I*ilICt
10b. ______________

COAL, REDSTONE. black [003.9-1001.5 very

.. D.& - - blocky, pyritic AAbkn. w/0.9 accm. loss.

CLAYSTONE, silty, mod
hard, mod, gray g -Box

999.0 - ___1

SANDSTONE, silty, fine 10 1001.7-24 hour

grainedmd hard, to hard, 997.:tr ee
- ____,,,,dmod.

SILTSTONE, sandy, soft 1100 1001.5-1000.7 carb.
Q95 _ I 9-aY & pyritic

994.1 SANDSTONE, silty, mod.Bo
lard, gray, fine grain F_-_ 2 1001.1 core spin
SILTSTONE, sandy, 1001.1-996.6 grades to

991.9 _____ halymod hard, gray mod hard siltstone
lenses___________ 100 990.C 999.4 soft gr. clay

SILTSHALE, mod hard, dk coated parting brown
989. gr.occ L SHcalc. incl.

CLAYSTONE. a-mod hard -999.2-999.0 clay lens.

SANSTOE, ilt Bo 1998. 7-998.6 CLAYfSTONE
98. d adr100 998.6 miech bkn.

9 E6.of ILSHAE98o har 997.2 tinsits. l
SADTNI.hr to hard 10rpatng

SILTSTONE, mod, hard, hrd 7.Stp rn
slick1 SNTONE mrr hardtinoic 1ar 974. patns n

~~~~~~slickensidedwsa.Bx prig

od,. hard, ca00 4d ___________

975.8 ~ SANDSTONE, mod. hardgr
veryc fine grr ain,iray

dark E,.d hrar*_slickensided

973.2 ~ ~ 0. LEFT _'INk HLEa _ o

r~~~~-md hard cac PRVOUnDIINSAElBOL .

MARYTOE mTONdAL hACrSO
-7f aNk gr. sIC P si 7'



~~~~.Hi LOCeIO 21 2h ,1

1 DRILLING G hio ISAA WI HE

I PROEC 140 SIAE AND -, T;!S OFM BURDE 4A E TAK n c Diaon

Stoewl NAMEOn DRILLER ATAUM ER COR BOXES 4
LOCTIO ELVTO GRUN .AT.) M02.

MONO 6-S RiahtCorner12 ELEV CUEP DSGATION TOP ODROL 104.

C r ow Press re Gruting o. 13 TOTAL C0OE EOVERY ;O BORING - -IIII9
B. DOET O(A DRILLE INT ROCV 25.5 SIGURE OAPLE INSPETO

S. TOAL EPT O OFL E 25.5 TO Ave NugOeM OEDn E
R adx1,ELEVATION DETGEED CASPCTO MTRAS ~ C R OXN OAR REMARKS

RE.V SAMPLEIO OfII.. HOLE~100 MAo

7ITTN THIaKNES soft OVRU E 01004.4IO-TPOFHOE 100 . ey k

COAL,, SIGDATONE 100.-999 hardCTO

IEIE.TD .P.CLA SSFCTOYMTRAST E shaly Soft-mod 88 998.9-. 7 bEA Kn

0988.8-988. I..

SILTSTONE sh, dark 100 988.400. vre y slik

soft-modk hari 75k Box boye 987.4

rin, mrined, hrd 986.8-996.6 hinh

_RJC mod. -&,TO8.

STONEWALL, sAClSyN fie- x slcenie
Eine DN h-d gr CP2



HoieNo. :13
DOIVIION !NSTAL. ATIoN 

DRILLING LOG OHIO RIVER Pittsburgh
I PROJECT 10 SIZE AND TYPE Of EI -ich -.,1) Ind

Stonewall Jackson Dam if DATUM FOR ELEVATION SHOWN '7e MI.SL

I LOCATION (CopAtn.c. MSL
Mono 5 DS end 12 MANUFACTURER S DESIGNATION OF OR'LL

3 DRILLING AGENCY Sprague & Henwood 402
Crown Pressure Grouting S pAL gu Henwod40

13 OT NO OF , ER. DIS I*SD .,s e RED
4 MOLE NO IA. .N., , d1 ,. tileI SUREN SAMPLES TAKEN -
.A fit. .. b- 213 14 TOTAL UMER COME OXES

s. NAME OF DRILLER

R. Haddix IS ELEV.%TION GROUND WATER 1008.1
N DIRECTION OF HOLE $4 DATE HOLE

E3vE-'ICAL =ZINCLINED - O9G. FROM VERT D

THICKNESS OF OVERSURDEIN Wasted lock 0.9 17 ELEVATION TOP OF HOLE 1013.9
16 TOTAL CORE RECOVERY FOR SORING

DEPrFTH DRILLEDO INTO SOCK Core 34.2 .IGAUEOINECR
-- 1. SIGNATUREr 01 INS1E IOM

9. TOTAL DEPTH OF HOLE 35.1 Dave Nugen

ELEVATION DEPT. LEGEND. CLASIFICATION OF MATERIALS . COIrE BOx OR REMARKS
101I 3.9NDeacptin) NECOV- SAMPLE 1OrsI,.j % . , we * b devi ofElr NO ontfwrip, e.41, If .,4nltlc.rI

10 1b 9 , 4_

1013.0 -- CLAYSTONE - REAMED

CLAYSTONE, mod. hard,

w/scattered It. br 66 Box

calc. incl., very bkn. 1 1008.1-24 hour

to 1008.1 water level

81
1007.8-1007.1 several

1006.4 006.4j small healed fractures

SANDSTONE, silty, fine 71 1006.5 soft gray clay

1004.4 grained, mod. hard, gray filled, non-stained
weathered partings

CLAYSHALE, gray, sandy Box 1005.5 irreg. parting

1002.6 -_ mod. hard 2 3 slick lam.

COAL, REDSTONE, 1004.6, 1-inch weathered

black, pyritic, blocky 100 gr. clay (mech silty

999.3 999.3 parting)

CLAY-'[ T ,-s-ty, Nod 1 1004.4, low angled

997.5 hard. gr., cal. incl. healed fract.

SILTSTONE/SANDSTONE Box '1003.4-1003.1 becoming
interbedded, mod 100 3 carbo-.,iceous

hard, gray, SS fine 9 1003.' carb.- SLS mod.
grained. hard, gray and black.

992.61 999.6-999. 3 bkn.

along ha vert frac.

100 Box 999.3-998.9 carb.

4 zo.

988.6 - I

987.4 - CLAYSTONE, silty, mod hard,L- r_ 998. 5 and 998. 1 h. ang' e

SANDSTONE, silty, hard, fine slick parting (,.ech)
100 985.9

985.3 !grained, gray. 997.9-997.5, sli wd.
SILTSTONE, sandy, mod non-stained.

hard, shaly, med gr. 997.5 trace gr. clay
-- Box coating

5 997.2-996.4 very sh.

980.5 995.8-995.2 ILS, hard

w/bk. cherty carb. inc
979.3 -" _SANDSTONE, hard, sl., gr. 100

978. 995.2-994.2 very
sandy

BOTTOM OF HOLE 993.3-993.0 CLS

mod. hard, random.
fract. , gray.

992.1-991.9 very san.
988.2 1-ow ang. slick pa

987.9-987.7 bkn along
high ang. frac. wil"

gr. cl fill irr parting

w/CLS frags a 987.7

987.7-987.4 fine cracks
987.4 found El Mon 5

'OJECT Ot 40

ENG FORM 1836 PE OU EDITIONS ARE O§SOLETE SONEWA 1A.KSON
MAR71 STONEWALI. JACKSON



M'4o. No*011 0 .... ... ...... iSHRE...
DRILLING LOG Ohio River --

* , ojEcT lo Stzf AkC - ,T .8 - nd

S t o n e w a l l J a c k s o n D a . 'r u - c E EN [ .I o S H O A N ' ',-
LOCATION (C..,e= OtS,~j ___
Mono 4/5 Joint, Center of M.4 12 MANUFAC %RERS OESGNA,,ON OF OR

3 DRILLING AeN-.CY "rR Henwood OC

Crown Pressure Crouting .Ot . I.en ...,. ,-.
O4LE NO (A*.aJIKW WI~ - falt IIUROEN SAMPLES TAKEN

.,, (i.,'o, C 2 1 4
NAME OF DRILLER I14 TOTAL NUMBER CORE ROXES

R. Haddix iIS ELEVATIONGROUNOWATER 1006.4
B- D IR E C T IO N O H O L E * A - II . C O . .E K M

CRTICAL =INCLINED _ EA .ERT 16 DATE 14 Fev. 84 15 Feb. 4

THICKNESS OF OVERBUROEN 0 17 ELEVATION OP OF HOLE
lB TOTAL CORE R COVERY FOR BORING 97

DEPTH DRILLED INTO ROCK 33.6 *9 SIGNATURE OF INSPECTOR

N TOTAL DEPTH Of HOLE 33.6 Dave Nugen

ELEvATI DEPTH LEG EN. CLA1SICATION OF' MARLS [ . CORE 11 oR I RREMARKS101AI 1 -. GNI D..,pI BECOV- SAMIIILE I 'OI IE 1. 1, OK.AKAH

1R ... NO drlh ... 1 41hifIcl t

b I

LAYSTONE, soft, silty 85 011.7-101104 Loss

ed. gray, shaly w/ ' 011.4-1010.5 kn w/
cc. slickensides I high angle joint.

80 Box !011.1-1009.7 Cong.
1 007 .2 --- 1 Zone

SILTSHALE, mod, hard, gr. , 100 ; 009.7-1007.7 very b'Kn.,:

sandy, w/occ. sandstone ver ri eb:3 : ,a d/O :ic and ! I overdrilled

1004.2 |bands and cac. i. too 1009.4-1008.5, mod.

hard, gr., CLAYSHALE
.003. CLAYSHALE, soft-mod. h. gr.' 1008.5, Ia. slickenside

SILTSTONE, mod, hard, sandy Box I 1006.4, 24 hr. water
'100.3 OCC. carb & sik, ha DF's !0 ' evel

S 
-  

.ySILTSTONE, mod. hard, carb.z1 1005.6-1004.9 SS
1000.d p.yrjir. jzne

SILTSTONE, soft to mod. I _ 1004.1-1003.8, weather

999.0 hard, gr, w/siltshale zo'S _ 100 1 -ed, fractured

SANDSTONE, silty, hard. fine !003.8-1003.8, mech

grained, med. gr. Box bkn.

3 1000.9-1000.5, carb,

-"0! slickensided

993. 1
- __ SILTSTONE, sandy, 'od '000.6-1000. 3, meh.

hard, gr. w/scat hard incl. bkn w/ coil :razs.

CLAYSTONE, silty, soft988.8 to mod. hard, sh, pyritic (96 999.6, -each., ns.

1~A~ tBo x - ained partings
+ 88. 1 CLAY. so f t, s lIk, gr. S999.2, clay coated p .
988. LIMESTONE, hard, gr. 996.' Fund Elev.

._ ipyrtic, w,rr. ha joint Mono 4

9S-NDSTONE,Sit, fine
9 rain, hard. Oed 00 994.3-993.4 Bk.

SILTSTONE, shalv, mod hard,/j 994.1-993.9, s"t.s1t ne
983.9 med gr., w/occ calcnod. zones-7 Box 993.9-993.t. CLSIU:F

-- SANDSTONE, silty, mod. r zone.
--1.8 hard, -hard, gray 988.3, sckens.jed psr*

CLAYSTONE shalv, mod hard,! l0 987.7 Found Elev.

980.7 - gray, w/brown incl. Mcno 5

SANDSTONE, fine grain 989 1 8" :k. K-1d 1r,
9 --. hard- sils y avshale

SII.TSTONE, mod. hard, 3k. N, >,s :, r1"

978. r. w/hard br. incl. 'Water

BOTTOM OF HOLE

-4

--1

ENG FORm 18 36 F.,s.o EDI "ORS ARE OOLET: oRVFCV "OLL .

MIAR 7

TPA ,,tt'CF 
T -TNFWxA: 7 IA KSON -



Hole Mo,

DRILLING LOG ,IO RIV PTTLAIO. T -!E -
PROJECT n0 .. o A IO or O T 4-itcn imond

Stonewall Jackson Dam DAUMOP ELEVATION SCOWA rTOM L
2 LOCATION (C-,M,7,;- oo-.,7jj %IS L

Mono 3 D/S Rt Corner 12 MANUFACTURER'S DESIGNATION OF DRII
3 ORILLING AGENCY

Crown Pressure Grouting S ra
g

ue & Henwood 402
It TOTAL NO OF OVER- DISTURCES .S',$..RSES

HOLE NO 'A* @ ,I l, Se
I  

BURD N SAMPLES TAKEN

. NAME OF DRILLER 24 TOTAL NUMBER CORE BOXES 4

R. Haddix IS, E.EVATION GROUND WATER 1030.0 (24 hrs)
N OIRECTION OF HOLE 'STARTED

IN, DATE HOLE
.M NA-C..L -- NCLIIEO - C. -OM VERT. - 31 Jan 84 3 Feb 8,4

THICKNESS OF OVERBURDEN 43. 9 17 ELEVATION TOP OF HOLE 1055.9
DEPT. DRILLD INTO ROCK 25.6 1. TOTAL CORE RECOVERY FOR BORING

__________________________________________ 19I. SIGNATURE OF INSPECTOR

9 TOTAL DEPTH OF AOLE 69.5 D-e N-n

CLASSIFICATION OF MATERIALS sCORE 0x OR REMARKS
ELEVATION DEPTA LEOENOI (D.PIrp RECOV- SAMPLE 'DrHII n . , -€ h loal, Il

Rock-Not Sampled Davev Air
From 1055.9 - 1012.0 w/ 6: D- A

Tricone R . "
to :026.

II

--l

-1 I

!1030.0- 24 Heur

Water

11026.9 MATL SL: DAMP

CORE BARREL w/DlA Bit

used 1026.9 t, .
CORE WASTED, no Drill
Water Return

o o 2

-LYTOE soft, gr, '4/scat
-- ,br. IS gr. talc. incl. I 00 BOX OCC. low angle r.c~ivev[-00.oa. slk. pas. to 009.

ILYSTONE. soft, mgr, v/scatr.

00f -TSTONE1 sft-mod. hd, gr 1008.4 - 1008.: mech 111

ENG FORM 18 36 .REVoUS EDITIONS ARIE OBSOLETE PRojECTI OLE -0

NA L STONEWALL IACKSON 2



DRIWN LOG (Cnt Sh.o .1055.9 Ho.1 No. 21
PIO jIC T 11S TAUJ LTgO ,5 TT

Stonewall Jackson Dam I Pittsburgh Distri 2 "M
ILM$ CLAOICAnON OF TMAIIALS ,% ECOvE SOMPOE "D,,U.gA. 1.

DELEVATION D LEPT N I - $AM0L!IN 4 " . #'b
i E~~~~~~~RY NO q wB ,# ., i,/dz

b c d f F f 1 _ _ _

CLAYSHALE, sandy, med. gr, 1008.1-1007.8 mech bkn.
11004.7 - mod. hard 100

1002-7 SILTSTONE, fine grain, mod - 1003.5-1003.3 mech bkn.
)iard, pr, w/fine grain , 00 Box

1002.1 - S Ad g, ' 2 1002.! smooth horz
SILTSTONE, sandy, gr. , mod parting w/trace pyrite &

1hard, shaly It. gr. coating

CLAYSTONE, soft, g_,_shal 100 1001.9 horz gr. cl
coated parting

9q7 cnai MT FnC'nhl,-lky hln 995.8, low angle gray
clay coated, slicken-

9.CAR.. A f sided parting
INDURATED CLAY, soft to med.! 100 Box Foundation Elev.

95A hard._Sr. I 3x MONO 3- 995.6

992.5 SANDSTONR. mnd- hard. gr, I fine grained SS 992.5

SILTSHALE, mod. hard, med 100 I 991.2-989.9 silty
gr. sandstone

989.3-989.2, Clayshale

Box mod. hard, med. gr.
-- 4

SILTSTONE, mod hard, 100
-,cd ___-___d ___

BOTTOM OF HOLE
NOTE: Drill water

coming out of

Hillside along
Bedding Parting
Approx. 180 feet
N Il'E of Hole,
at Elev. 1025.6

04 GTOEAA 136-A AOK SON 2
A67STONEWALL JACKSON21



H9l4 N.
DIVISION 'INAcLATDN EE

DRILLING LOG Ohio River Pittsburgh :)istri o. - ee-s
I PROJECT 1 0SzE ANo'E P . IT 4- 1D D:=.n'-fid
Stonewall Jackson Dam 11 DATUM FO ELVATION SHOWN 'THUW T MSL,

2 LOCATION (Co...d...,.. 0. $I.". r 4SL

Monolith 2. Rt. Corner D/S End 12 MANUFACTURmEMS DESIGNAVION OF DRILL
. DRILLING AOENCY Sprague & Henwood 40C
Crown Pressure Grouting Co. ,3 TOTAL NO Of OVER.- .,-'l.RR -O-d.'-
H. NOLE NO (A. *p -, fi OURDEN SAMPLES TAKEN ....

216 (DWG 18/21)
14 TOTAL NUMBER CORE BOXES 4S. NAME OF DRILLER4

R. Haddix IS ELEVATION 'ROUNO ATER 1038.1
4 DIRECTION OF NOLE -- C. Co.. .It

:VIKRcICALA ,NCLINCO _ 090.Fo1.. -1 6 DATE "OLE 24 Jan 84 31 an 84

7 THICKNESS OF OVERBUROEN Waster Rock 41.6 1 ELEVATION TOP O HOLE 1081.6
- 1 TOTAL COME RECOVERY FrOR SORING 177 -

0 DEPTH DRILLED INTO ROCK Core 22.0 It SIGNATURE OF INSPECTOR

9 TOTAL DEPTH OF .OLE 63.6 Dave Nugen

ELEVATION DEPTH LEGEND CLASSIFICATION OF MATERIALS % CORE sOx OR REMARKS
LEVTIO DE T EN (D..c,,pIll~ RECOV. SAMPLE 'DralIn . I.... eoh 1141081 .6 ERY NO .,-9-1. *.... 0,Enrlc*,,

0 4 c dA *

ROCK NOT SAMPLED Used 4" I.D. Sawtuoth

between 1081.6-1040.0 I Barrel to 1075.6

4" x 5 1/2" Double tube

core barrel used from

1075.6 to the bottom of

hole core retained

jonly below 1040.

-10 silt A sn a040.-1039.8 sliVkensided

SANDSTONE, mod, hard, fine t00 Box parting
1 1038.1, 24, Hr. Watergrained, gray, wiocc. small eve

ca-c. inclusions

1037.9 100 1037,9-1037.8 qtainied
Iirregular, openi wul, pa,

1033.2 _____ ____-___ ___1033.21037.8-1037.2' siltv s

SILTSTONE R - lavey !am. w~cal. inc!.

ENG FORM 1836 -REOU, EDITIONS ARE OBSOLETE PROJET l -OcLsE Dam2
M 7RSoealJcsnDm



DRILLNG LOG (Coat Shet IELFWATIO M f O 1081.6 Hole No. 216

9405CT I4MA~Sa
Stonewall Jackson Dam 1"" Pittsburgh District 7 2 S1.

ELVTO OfI E" CASOAINO MATERALS %CR Boxi son RKMAR5

SILTSTONE. mod. hard, med. L- 1036.8-1036.0 broken

gray, clayey, occ. sandy open, high angle, wide
u/sm. cisc. inclusions 100 Box stained joint.

_AYSTONE, soft-md hard, 10
r. slt ,slikensdes1026.41028.6-1028.1 mech.

SILTSTONE, clayey, mod. bkn. u/core spin
hard, med. gray, w/occ. 1028. 1-1027.1 bkn.

1041caic. inclusions 100 Box along irreg. high angle

CLAYSTONE, soft-mod, hard, fatr

10219 ed. ray1027.1-1026.5 low

SILTTON, mo. hrd, ed. 100 1019.6 angle slickensided pa's

SITTOE mod, hoad, med. - also 1026.6-1026.4
1019. ______________us ______ 1026 FOUNDING ELEV.

CLAYSTONE, mod, hard, Mono 2

jLL!5f -_ ,1me. gry F1019.6-1019.3 mech.
SILTSTONE, mod, hard, Box bkn.
med. gray, shaly 100 4 1018.5-1018.2 fine grain-

1015.3ed sandstone lam.

BOTTOM OF HOLE
No lose of drill
water

MO SL*136-A Stonewall Jackson Dam 216



DIVISION IN L LLATIO I*SKE

DRILLING LOG Rie itsu l iitrictc
PROJECT 10, SIZE AD TYP OF BIT 41D .1

Stonewall Jackson Dam IIDTMFREEAINl'tsrs-WT
2. LOCATION ( S~- ' MSL
MonoIit h I 0/S Ri ht Corner 'z 1MANUFACTURPER-S DSIGNATION OF DRILL.

3DRILLING AGENCYSpau& ewo40

Crown Pressure Grouting 13rgu TOAL M eO o OFOVR 0I- T-9

A. HOL E NO, (A. h.-O - cV.,Mj tUil.I BURDEN SAMPLES TAKEN --------
,,ittil n~mbw)217 (DWG 18/21_) l4 TOTAL NUMB9ER CORE poxes 4
U OILLER

R. Haddix 'SL ELEVATION GROUND WATER 1070. 1
4OR.CTION OFl HOLE

:VERTIC A1 =INCLI.4O _______ D0G. '-0- VEST 1DTEML 3 Feb 84 9 Feb 84
IT ELEVATION TOP Of OLE 10 94. 4

7 THICKNESS OF OVIERBUNOEN Was ted Rock 34. 4 1 OA OERCVR O 0l 0

I DEPTH DRILLED INTO ROCK (core) 27.0 15 SIGNATURE OF INSPECTOR

SL TOTAL DEPTH OF MOLE 61.4 Dave Nugen ___________

NO CLASSIFICATION OF NAT ERIALS %CORIE Box oft RMARKS
ELEVATION .E.I. LEG.N ID.,IpI ECOV- SAMPLE (DI .. ,4H O* AAA

1094. 4 ER O I.Png 4. It.~~~.
o b - I f - - - - - 0

ROCK NOT SAMPLED 1094.4-1066.4 drilled
BETWEEN 1094.4-1060.0 with 6 1/4" (0..

Tricone Rock Bit on
Davey Air Drill

1070. 1-24 HR Water
Level

1066.4 to bottom of

hold used 4" x 5 1/4"

core barrel with

diamond bit retained

core below 1060.0

1060. 0

CLAYSTONE/INDURATED 
CLAY

red & gray, w/several high

& low angle irregular slick-
ensided, pa's., bkn into

1055.5 2' - 5' lengths 100% Box 1057. 3-1056.8 sot,

SILTSTONE. soft-mod h~ard, bn(eh

1053.1 In osad w1r cl053.4 1056.0 mech. break

grained, gray, shaly, w/ 1054. 2-1053.4 verv y nv!

small calc. inclusions 1053.1 o'pen, bkn., ml.'ch
to 1052.2 Box contact

1048.82

CI.AYSTONE/INDURATED CLAY 0; gain vriv
soft, red-gray, w/occ. 100410(1 strt~ ini v 0:;0.
calc. inclusions, slicke-04. satn

1045.4 sided
SANDSTONE

ENG FORM 18 36 PREVIOUS EDITIONS ARE OBSOLETE PROJnEwT .C~ ia
MAR 11 tnwl ako a

TrAN5LUCL.VT1



DRtIWuNG LOG (IC, OhN"O1F -W 1094.4 Hole. N.

Stonewall Jackson Dam Pittsburgh District t, -
CLASSPI.ATION OF MIALS % col SOX OR1 _III%

I.ASSACATIO 0*" mCAP COy. SAMPLE (.Ifi.. I-~ I."~&p

b c f I_ _ _ _

SANDSTONE, mod. hard, 1045.4 open non-stained,
fine grain, silty, scat. calc slickensided contact

1041.9 - incl.. more silty w/de th 100% Box

CLAYSTONE, mod. hard, med. 3 1045.1 foundation
1039.2 - inclusi039.ons Mono. I

SANDSTONE, mod. hard, med.

gray, fine grained, w/scat. Box

small calc. inclusions, 4

sand content increasing
w/depth.

1033.0 7 100% 033.-

BOTTOM OF HOLE

No Loss of Drill Water

PO1 6 1836-A * " JA
K

SO DAM 2
A86 STONEWALL JACKSON DAN 2 17



DRILLING LG 1hio River St~brf ,rs
10j~i. SIZE .a IIR . 81 Sx.n

Stonewall Jackson Lake DamAU4yUE A(' UR4 74445.

2 OCAT ION (C-C"M*,e o,,, 1n

Mono) 12-13 Joint-85' DS E 12 MANUFACTURER S OESIGNATION Of DRIL.

I DRILLING AG6%C-YSrge&Iewo 0
Crown Pressure Grouting Co. -)Aore NO OeFoo D 40

"-O1E 4O (A. - . h.Rmn 111I. BURDEN SAMPLES TAKEN ------------

RI Hab..J x21U.-TE

44 ! 014cIO of 0.1(1 4f DATE1 HUOLE 'OR C04( 0

17 ELEVATION TOPOfN RATER 039. 

gt A1&!0PI LGN CLASSIFIfCATON 014 MATERIALS % CORE sox oRt NEA KS

DEPTa ....N~ sREAcov. I AMPLE IrIg,,.~,J.... 4.Wh .1
EIRY 40 .4ld .. f*4o~~

b

SANDSTONE. mod. hard, gray, 84 "WATER LEVEL VARIES

fine grained, silty, brown w/ RIVER LEVEL

staining, micaceous, 
65 1 113.-13. boe

0etee.t. 7 wlbr. staining 33205

1035.0___________ high angle 3t. 0.3 loss
30 ~ 10 .37.6-103S.6 high

SILTSTorE, soft-od havcrd, angle [ractures, blkn.
LAYSHALE. soft, gr. * verY r 102 w/o. 7 ',,

10 3 3.-1 wd. , calc. incl sa. str's 1033. 5-1033.1 posib le
100

SANDSTONE, mod, soft to Bo gueI139kn

staining, t ine to med. 2 stainedj grained, cross bedded 13.-027hs

med grained below 1027.7 langle, )pen sa. 'o in t
'1025.4-102..7, stained

1032.3-1029.2, stained 10 1025. 1025.2-1025.0 wd .

S w/open wd. partings and parting and 'oint

joints. 1023.5 stained wd.

1028.7-1027.9 stained 2810.sineBoy, 1022812. tie
1028.5-1028.3 open wd. 3 ver wd.. sn3-cf.hr,

high angle joint 100 J028!2'- -Ie
1027.2 stained parting arig

1019.2 thin mica lam. 108w02.-0: d.
SkNDSTONE, mod, hard, med. , open high 3nle >

T J~gr., fine grained, as., limy 1 0

Box ingE

101hgh1n4e.3w

1006.8 SHLSE, mod hard, b a, lg016.9-telen.8sIL

SNDSTNE mLYSL od, r ad. 100 mod.6013 h prd r:.

open, .ert t.' hi s ft.

gr any ntrd ly w/j B98

shal, dak gay, / 101.101l .-. 'La O
JILO~~~~,SLSTN 9r~ . r'W nercs Caie5 1 1ie

10068 SHL, T Smod.AL JACrd, black



DIwNG LOG (Cam Shoo) 10"A000 OP "01 13, ooNo

STONEWALL JACKSON DAM 1If"PITTSBURGH DISTRICT 1-P 2 .i

no",AT# OF MAI~flA"j %1 Ct9LX 5MARIS
fROAM1O" 09"Mi LEO"O (0'0)9 I= 61.O0 (Dai.1 -'. -f I...

b C d ) f q.M8/ 80

SANDSTONE, cont'd. 0.8 11010.0-1009.9, shaly

micaceous, mod, hard Left Box broken
in 8 1009.3-1008.7 mech.
Hole lbkn. w/high angle frac's

1005.5-1005.2 high angle

1005.4-1003.0 very soft
981.9 10Gouge Zone w/shaly

98. CL.AYSHALE, mod, hard, dk. 9 1005.0-1004.4 open, hi

9797 gray, any occ. slkt, and

SANDSTONE, hard, med 1004.4-1003.6 bkn.

SILTSHALE, mod, hard, dkt. 976.8 a00.4o 03. bknt' .
gr. occ. sandy & limy,
v/hard calc. inclusions and103-00.. h.

interbd. clayshale. Box 10., eysf

100 along non-stained high
970.5 1 970.51angle fract'a.

Bottom of Hole 1001.4-1001.0 parting
along high angle frac.

9(,I.9 parting -Z thin
shal> lamination
998.6-9%E 2 high angle
fracture

997.5-997.2 op~n

Ihigh angle joint w/
!heavy calc. coating.
997.5 open non stained
contact.
.996.4 shaly, calc.
'coated parting.
'1994.3-993.9 parting
along high angle fr3c.

993.6-993.5 bkn
siltstone frag's in Clay
Matrix, Gouge
992.8-992.7 shaly
parting
990.9-990.1 clay shale

!zone

990.6-990.3, bkn, sh,
vd. Lost Water
990.0 Founding El.

Mono 12
989.2-988.5 very

bkn. w/0.2 loss
986.4-985.9 bkn along
high angle frac's

986.0-984.7 overcored
984. 7-983.9 overcored
bkn, w/dissolution of
cementina material.
983.6-983.3 bkn

along high angle trac's
982.7-982.5 open low
angle joint v/calc.
coat ing
982.5-q82.1 calcite
healed frac's
981.9 open clav coa.
contact, bkn to 931.'
977.5-976.8 CLAYSTONE
mod. soft., dk. graiv

1W'FR 1836-A r-
STONEWALL JACKSON DAM 28



1lv NST ALLATION Hol E Me

DRILLING LOG Ohio Riv'er /'[tt,4',r n :)ij.r:., IP S'"E V
I PROJECT I0 SIZE AND TYPE DF SIT .- 1oCn ID Diamond

Stonewall Jgckson Lake Dam DAU OWEEATION SNOWN (rTUM it-

2. LOCAION _. 7.,I1 MANUPACTURER'S DESIGNATION OF DRILL
S, DRILLING AGENCY p u&Hewo 40C
Crown Pre ssure Grouting Co.Spau & enod 4C

4 HLE O (. U -S~w~ ,e~13I TOTAL NO OF OVER_ DINVURSSS
4 HOLE NO (. tjN,- - -*W $#/.IBURDENM SAMPLES TA FEN ---- ----

.. I.e,%a2 19 14 TOTAL NUMBeR coRE Boxes 8
S. NAME OF 0RILLER

R. Haddix 1N ELEVATION GROUND WATER t019.6 3compl.
S DIRECTION O1 HOLIE 

'NV .. 'to c .... afr merRICUL =--tcuDEG F...__-T._1_ DATE HOLE.15 Mar 84 19 Mar 84

7 THICKNESS OFOVERSURDEN wasted core 14.4 1 LVTO O FNL 07
-IS TOTAL CORE RECOVERY FOR BORING 99

D EPTH DRILLED INTO ROCK Co, 51_3 11, SIGNATUIRE O: INSPECTOR

1, TOTAL DEPT" OF HOLE 67. 7 Dave Nua In __________

CLVTO 11.1...0 rASSIPICATION OF MATERIALS % CRE soA"O REMARKS
ELVAIO DPTtEGNDr')H~pI Recov. SAMPLE JMA.IId -_ i.... ANBIN .4

1039.5 (D- 14O -tw.t. saIIc
< A cI It __

CORE NOT RETAINED STARTED SAVING
ICORE 3 1023.3

1023. 3 ______________ _____________

SANDSTONE, hard, gray, 1021.0-1020.5 open
tine-med. grained, w/ [00 Bo high angle clay coated

Iarzular thin micaceous ioint
Ilaminations. 1020.6-10210.5 broken

1022.8-1020.2 stained weathered partingt.
I10 2 2.4 -10 22..1 slightly :017 .6 so! t-mod hard

-71 angled weathered parting shahv parting 3,8' thick
- and fracture 100 l0ib.3 1017 .6. 1018 orl ial

Found inMono 13. >vere:
miC. parting wI 1/8" brown 1 115.2YOO. 5 leached

Imdc. clay filled parting Bo x stained

CLAYSTONE. soft-mod. hard !.pen w/very thin CLAY
med gr. sily 10 1coat ing

H11.1SAN4DSTONE. 
hard fine-med J1 )14.9 Lost Drill water

SLSONE, mod hard, med going thru rock into
gr.,sanv wocc.slks. diversion channel approx

silt fin g.u/sity am' 0 ~ 1014.8 slightly angled
_______E mo ad g. 1icaceous parting.

SILTSONE.mod ardgr.,013.5 broken partitng
10and J 0c 1 v,0Csk013.3 stained, broken

CLAYSTONE. soft-mod weathered contact
10.hard, dk. gr. slickensides 11. etee.h~e

SIJTTON rb..,,J 1stained irregular conta,

COAL, Box 1012.5 stained on 'pen
,ngular contact

SILTSTNE, mo hard 101-2.4-101.1.3 aingular
:90483 gsad conglomerate zone

101.7-011...broken
986CLAYSTONE, soft 995.5 sandstone zone

Box angular parting

9 .9SANDSTONE. mod, hard, 5 j010.-1010. tlight lv
_____ tid gr, fine grained, silt angled stained parting

99).SILTSTONE. hard, k r 1009.8 irregular shilv
sandy,' w/occ. tancl ic 9. parting

CLAYS1'ONE. mod hard, dk gr 9881009.3 broken stained.

SANDSTONE wd a parting wtra,,t 4r.

MA FRM 1~836 WRVOU DITIONS ARE O*OLITE RJCHOEO

rRAIMLUICENT1 STONEWALL ACKSON DAUM _19



Sh@ UN o (Cent 1037.7 Hle No. 2!9

Stonewall Jackson Dam Pittsburgh District o 2 uame

IJYATON 0P1 LfIfn AtEL*" COV- SAA I Dn . -- d.l. W
(D.~~~J Ely NOP 40, ,~,£ b c d * B

SANDSTONE, hard, $r, fine 1009.1-1007.3 SANDSTONE
- grained, silty, mic., more

985.5 gr silty, 100 silty, f. grained, mod.
-- Box hard

SILTSTONE, mod. hard, Bdk gr. silty, clayey 6 1008.5-1008.0, healed
dk" ghigh angle fracture

982.5 100 1008.0-1007.7 slick

981.5 _ SANDSTONE, mod. hard, 981.broken fracture

I ; -6S fin gr ined_ 1006.5 parting along CLS}
-- -- tinc.am. 'Box lamination

987.6 SILTSHALE, mod. hard, dk. 100 7 1005.6-1005.3 smooth
- r. w/scat calc. incl. - open hi angle joint

1005.3 becoming dk. gr.,
fissile, slickensided

SILTSTONE, mod hard- 1004.9-1004.4 crushed
hard, med-dk. gr., silty, 974.5 w/very soft gr. CLAY
sandy, w/hard calc. 00 - 1004.1-1003.8 carb strea|
inclusions 1001.5-irregular open

Box contact

972.2 001.Box i001.-1000.8 broken

INDURATED CLAY, very 8 999.4-998.9 very silty

soft-mod hard, red-gr., 999.0-998.8 mech. bkn
970.0 slk. w/scat cale incl. lO - w/O.l core loss

991.4-990.9 broken w/3.7

Bottom of Hole loss and some grout
silty below 990.9
990.40 Open Contact
990.0 Founding El.
Mono 12
988.2 sli, angular
parting.
986.3-985.8 open hi.
angle, non-sta. ,oint
985.5 Tight Contact
984.9-984.5 mech
bkn.
980.9-980.5 mech
broken.
977.8-977.2 high angle
open irregular open
joint w/trace pyrite
974.0-973.3 mod. hard,
med. gr. CLAYSTONE
slickensided, w/hard
nodules.
973.4-972.2 slightly
sandy, w/hi angle to
vert. open irregular
joint 973.5 971.7
971.6-971.3 high angle
slick DF
971.0-970.5, bkn,
crumbly

970.5-970.0 Gouge
reddish-brown w/hard
SILTSTONE frags,
calcareous frags, limy
overall

M 6 3 Stonewall Jackson Dam "19



No* 140. 220

DvIwNSTLLATO
DRILLINIG LOC. 1Ohio River P1 ttsburah Disirict OF

7.R-OTEEC to SIZE AND TYP 0; 64r 4 D amonld
Stonewall Jackson DamDAU O gATN3HW'BM SL

2. LOCATION (COFIte , I . Rt. Side 4SL
5' D/S of Stillini Basin En 1il 12 MANUFACTUNI'S DESIGNATION OfDRILL

I OMrLLING AGENCYSpau& ewoMdl40
Crown Pressure Grouting Co. Sprgu TOA . en. o Mode 40C ,..tj..

A. HOLE NO (As .1,R PR ckwr 1§0*1 BURDEN SAMPLES TAKEN ---- ----

S. NAME OF DRILLER IS. TOTAL. HNGMER CORE SOXIS 3
R. Haddix IS- ELEVATION GOULND WATER 999.6

6. DIRECTION OF HOLE %rAr9 Io C..-PUED
1041 - = CLINCO _______094. FROM 1 4 DATE HOLE .20 March 84 210 March 84

7 THCKNSS F OER9UOEM 0 - 11 LEVATION TOP OPHOLE 1000.6
4 DEPT. DRILED INTO MOK 21.0 - 1. TOTAL COME RECOVERg ORBRNG9

4~~~~~~ OgT P,9DINOPCK 2. SIGNATURE Of INSPECTOR

* TOTAL DEPTH Of HOLE )I n Dave Nuizen
ELEVATION DEPT., LEGEND CLASSIFICATION Of MATERIALS 0% CORE sox OR F-ARKII

1-- 0I. E PCOV* SAMPLE rDI,,,,~ a, -R o.. .P o

j COAL, REDSTONE, black, 1000.6-998.7 broken

998, blckpyriic -50 Box with i.0 loss

CLAYSTONE, silty, shaly, 999.6 WATER LEVEL

mod, hard, dk. gray 100 998.7 0.1 pryite vein

2 SILTSTONE, mod hard 997.4 core spin
to hard. shaly, dk. gray, 100
interbedded w/SANDSTONE 91
hard, fine grained, gr. , - - 994.7-994.2 shaly

- oc casional low angle 100 994.2 li. wd. horz.

2 layey coating, soft

SILTSHALE, soft to mod. 100 987.0-986.8 fractured
-1 hard, dk. gr, v/tan caic CLAYSHALE

SANDSTONE, hard, gray 100 984.6 open contact
1 8.omie to med. grained Box 982.8 becoming sandy

SILTSTONE, clayey, mod. 3 v/ SS lam.
hard, dk. gr. , caic. incl 982.0-981.6 o'pen high

SANDSTONE. hard, It to med. 906ad903oe

ILTSHALE, mod, hard, dk. I __ 9
7
9.b parting, shalv :am.

gr., v/scat. cisc. no d's. otm fHe

EMG PORN 18 36 EPVOI DITIONS API O3LOLIETE STONECAL 1AKO DAE 220
MAR7 STNWLLJCSO A

rRANVSt C EN T



Hole No. 221
olIIINS? AL LAO ON 

"AElDRILLING LOG O7hio River PitSburgh District OF iSHEETS
I 0000ECT IS size AND TIRE OF BlIT .4 D Daond

Stonewall Jackson Dam I AU O LVTO ION(RK MUL)

2. OCTIN . ~LF. Side MSL
5' 11V1 ST Stilling Basin End Sill 12 MANUFACTURER'S DESIGNATION OF DRILL

3. DRILLING AGENCY Spra zue & Henrwood 40C
Crown Pressure Grouting 13 TOTAL N0 OF OVER_ , 0 -gVUII*KSS9

4, kOLE aN0 (A.., Ah- * 6j. III BURDEN SAMPLES TAKEN --------

An (1l. ... 221
S. NAME OF DRILLER 14 TOTAL NUMBER COME Boxes 3

R. Haddix Is EILEVATIONGROUNDOBATER 998.5
0 DIRECTION OF HOLE 11-1.K COM'PLETED

VCRTICAL __ NCL-NKS _______ 090. FROM VgA? 1B DATE HOLE 22 March 84 22 March 84

7THICKNESS OF OVERBURDEN 0 7 ELEVATION TOP OF HOLE 999.4
Bt TOTAL CORE RECOVERY FOR BORING 98

B DEPTH DRILLED INTO ROCK 20.4 J9 SIGNATURE OF INSPECTOR

N. TOTAL DEPTH OF HOLE 20.4 Dave Nugen
CLASIFIATIN O MAERIAS SCOR BO ORREMARKSELEVATION DEPTH LEGEND CL D..IAT INOfMAERAL RE!(CO0V. SAMPLE (DII4M. IA.dh19994 ER SO CM -*JIII. * . If ,IEIAI

L AYSTUNE, sott-mod . ar.- 998. 4-998.1 very soft
997.8 d. r.94 w/wd. parting a998.2

SILTSTONE, soft-mod hard, ~ Bx 997.7 -997.5 mech
996.1 -- haly, dk. gr. interbedded 84kn
995.4 - wlhard, gr. SANDSTONE84 o

995. SiLTSHLALE. mod hard, dk. gr. 1 0 997. 3-997.2 open
10 992.71 partings

CLAYSTONE, soft-mod hr

med. gr. w/interbd. SS 996.5 shaly parting
I Box 996.1-995.8 loss

SILTSHALE, sandy, soft, 100 2 995.4-995.0 mech.
to mod, hard, dk gr. w/ bkn. w/nodules

-987.4 '1" black sli.

100 1985.5bad

grained, hard 980.4-980.3 sandy
940SILTSTONE, hard, gr. , sandy 'Bx ens

- - I 1_ hal T_ Box 97. tight low
SILTSHALE, mod, hard-hard, 3 asngle contact

903dk. gr. , w/calc nodules In0

795hard. gray-eae to SS -

S9 ' 9FSTONEd hard, fine to /Bottom )f Hole

EMG FO"M 8 3 6 REVIOUS EDITION$ ARia OSTOLETE STONWAL JAKON0M2
MAP 71STNWLJAKO DM



DIVISII INSTALLATION WARE

DRILLING LOG OhZ.IO River Pittsburgh D1,trict c2 sr~
I RRIECT 0 Is Z AND Tyf OF BIT 4-inch Diamond

Stonewall Jackson Lake Dam1 DATUM FRP ELEVATO Wiry-5~ASL

2. LOCATION (C-.__ A .,_ 45L
Mono 12 Dwst. Cent r 12 MARIJFACTUR EPS DESIGNATION Of DRIL-L

3DRILLING AGENCY Sorague&klenwood-Model 40c
Crown Pressure Grouting 11 TOAL.No OF O VER. I,.REX VS.RE

4 WOLIE NO (A@ 0-o IAd IiBURDEN SAMPLES TAKEN

222 NAEOARIR1 TOTAL NUMBERP CORE BOXES 4

R. Haddix IS ELEVATION GROUND WATER 1007.7
A. DIRECTION OF HOLE .V 190 C~.BR

- .. _--toME ______ OaS .. ... 1 EIX IMIE 25 Sept 84 .27 Sept 84

7THICKNESS OF OIIE RGURDEN WaJsted Rock 33.2 17 ELEVATION TOP' OF HOLE 1038. 2
IS TOTAL CORE RECOVERY FOR BORING 97

C. DEPTH DRILLED INTO ROCK Core 25.0 IS. SIGNATURE OF INSPECTOR

B TOTAL DEPTH OF HOLE 58.2 Dave Nugen _____________

CLSIICTO OIMTRIL CORE Box on REMARKS
C~AiO EPT"L LEGEND CLASSIFICATIO OF MAEIL ECOV- SAMPLE (D,%~Jt,, I -'- I.... dph Ad

1038.2 E: oA-.

-, ROCK NOT SAMPLED

-4

102.2 1 5

10005-105.

CLAYSTONRESTON COt-ad ar, o

CLAYTON, sot-md, hrd. 100Gray clay filled part-

1002.7 med. gr. , shaly, silty Box ings 1004.3. 1004.2.
1 004.0

SANDSTONE, mod. hard, med. 100
gr., v/dk. gray silty 1003.2, 1002.9 low ing.

laminations, fine grained. slightly wd. ioints
silty998 11002.7-1002.2 open

high angle joint
1002.1-1002.0 open

Bx sli. wd. siltatone lam.

2 o r low angle DF

994.0 100 1000.4 wd. siltv 1am.
995.9 wd. silty'lam.

99. SILTSTONE, sandy grading to 995.4 grading very siltv:_

992.0_ sandy SIT AL d__r. 995.0 open shalv partinL
w~cacltmfilld It992.8-990.6 SHEAR ZONE

SLAYSTONE SHEAR ZONE 86.2 23 992.0-991.5 open hizh
SANDTONE angle joint. al CC.

SADTNhard. gray (0.8)l coating

ENG FORM 1836 PREVIOUS EDITIONS API OGSLETE PRJCMOLE .0
MARP7!

,TRANSSLUCENT) STONE'VALL JACKSON DAM 2



DRIWUNO LOG (Cont Sheef)j RIAI W01"1 1038.2 Holo No. 222

STONEWALL JACKSON DAM 7Pittsburgh District op 2 srom~

ELEVAION D"N CLSSIFIATIONOF AkRMALS % Coot 6011 09 E1R

ELVA)N ffhLE0M it ICOY- S.APLE 1,tnd.g 4l. " i. 404 ~
____ d I . _ _ __ _ __f__ _

SANDlSTONE, Hard, gray Bo 991.5 CLAY coated -

tine grained, silty, w ith !101Bx angular parting

SILTSTONE laminations 1 3 991.5-990.6 broken
I sheared W/0.6 loss

1940 989.0-9 88.5 SHEAR ZONE

90 Bo /angular contact, soft
I wd. CLAYSTONE wISS

(0. 4) frags, overdrilled

-SILTSTONE, 
mod, hard, gray, _________________

s haly988.5-987.4 very bkn.
tractured, recemented

BOTTOM OF HOLE breccia, overdrilled
w/dissolution of

cementing material
987.2-986.8 carb.
inclus ion

986.3-986.0 shaly
SILTSTONE
985 EJER
982.8-981.5 partings
along low angle fract.
& silty laminations
982.0 becoming
1very silty

980.9 angular shear

980.9-980.4 tnech.
broken

* 0.4 left in hole.

STONEWALL JACKSON DAM 22



Hol, No, -

DIVI1SION INST 4.. * T i N IS I

DRILLING LOG n: AR:er 7'I ,' ]1 OF,;

SROElCT" '0o SIZE AND ''PF .F 5,' .- : !, .- .

Stonewall Jackson Lake DamD um oR E V T uQON 5 W o . .....
2 .o CATION IC.

1
-* .. ., ,, _ZA.) M L

MONO I ' DNST C:ente r ,2 MA.UFACU.FR. S DESSNA,. OF DR

Crown Pressure troutiln Prague - . d -_
I] 3 OTAL NO OF OVE II S .O E-

4 HOLE N 'As.. I URDEN SAPES TARIEN. SI "" "AnJ 223 ', ---______

14 TOrAL NUMBER CORE BOXES 9NAME OF DRILLERIS ELEVATION OROUN wATER 109.0

6 DIRECTION OF SOLE ISSTE .9,F
6 ATE SOLE 

I

.V ELEVATION TO. OF SOLE 040.
'IC NESS OF OVERBURDEN Wasted Rock 10.3 'I TOTAL CORE BECOVER FOR BORING 9

8 CEPTH DRILLED INTO ROCK (_Cra 60.4 4 5 SIGNATURE OF INSPECTOR

TOTAL DEP' OF SOLE 70.7 Dave .Iccn
E..EVATIONI C T JLEGEN CLASSIFICATION OF MATERIALS CORE ION OR BEMAROS

4D - ,,P,,I-, RECO V. SAM PLE[ 0 rtll04I 11E " 5e 5. d_:. Ef

1040. 3'm GED 05,pIN ERT NO
- r 4 I

ROCK NoT SAMPLED-

- _I

- SANDSTONE, hard "t. gr.
4 f.ne-med grav, m:caceous, O00

- x-bedded, w/dark gray 1 w
aingle ii Ity lami nati on, 021-i020. pen hi --

cc. partings on silty and _ngle stained -
;taceous iaminat:',ns I 019. '-"01Q. 2_i:. -

100 2. ,; 4 1"c 0 ._ 8 .' .9-1 - v r

-a __1 -

109. - I - --

CLAYSTONE, soft-lnod. hard, 9
_ 2rav. silty. a hally . .. . - I

l0[i,5 -I ISILTSTONE, mod. hard, erav, 115 .,--
h lightly .andy- 101 -0

SANDSTONE, mod. hard, med. ' 0:'-

Orav, t'ne grained '.0 zl5 - n -

2 rregul or .--

1009.6 -veh

1008 .2 - LAY STONE , so ft , dk . gra y . -P:'t ru -

s1ickensided w/SHEAR zone - 00 o S N eE n"r ~ fL -(x I , I CLV -,l .Z

COAL, REDSTONE, black,
1305. 7 i - blocky Dvritic )e

kLAYSTONE, mod. soft-mod. I
hard, gray, pvritic grading 0a r tn

1003. 3 s - andy 01 . . -.

002 .3 - SANDSTONE. mod. hard. med. 10 0o. zones S ra.n. ,0 gray, fine grained, silty mIt rix
1 -20 T 0.2 spun c . r e 1 . --

CLAYSTONE. so'tmdhr slk a Ol-00
SANDSTONE, mod. hard . gray, 5 zone, mod. hard, sandv

fine grained, silty nterbd. 100 r0o.--009.R .-
I I- w/dk. gr. mod soft shaly broken Cr,,tura, ~ STTNE, etc. shalv along I

496.2 -, sny t cc s ang009.5-1009.0 br-ken
SILTSHALE, mod. hard, dk. CL. SHEAR zone w r-- I t <~C AY ,1009.,2 .. 17. 0 --
gr, w/calc. inclusions 100 1OO8IO -.'-'70O.: Ir -

,)93. zne J ;11--.9.2_________,_______,__ zones , hich m:< .

u8\LAYSTONE, mwd. hard, dk grT healed :t

I -2 SANDSTnNE, mod, hard-hard

ENG FORM 18 36 RECus EDITIONS ARE o SOLETE R E T- NO

AP 71 STINEWAI.. ;ACKSON DAiMTRA NSt. r,' c.s r



DRIWNG LOG (Cant ShWW4) Ho1 No. Oi

STONEWALL JACKSON DAM "Pittsburgh District10 -e

EEtON DTML" CLASSI'CATON Of MAVIILS~ I% coat Sl 02 Lv~Mk XS
DI-O-) LEOOICV. SAMOKE fDna1. A,,.*

b~VTO Ca NOdI"'~ *~'

SANDSTONE, mod, hard-hard, Bo 1008.2-1007 8 bony coal,
fine grained, silty, It. to [ 0 6 ltransition zone

dk gr. micaceous w/dk. gr. 100 988.3 1005. 5-1 D05.0 high angle
986.7 SILTSTONE lam's. I diag slick fract.

-LYTE -otmd ad Box 1000.8 core overdrilled

984 arkgr.NE ly,-o hardo 7 993. 2-992.9 bkn, slick
____dar, g. ,shay, lic on9901988.9 verv silty

983.1 ~ Vartings, grading sandy 100 98.-8.1boe ln

____ SANSTON, sity, arddk!closely spaced, irreg.
gr. fine grained 981.31high angle fract

98.5 -SILTSHALE, mod, hard, dk. - _;L'9 86.7-/4' CLAY GOUGE
905gr. , w/hard tan inclusions on cotc

984CLAYSTONE, mod. hard, dk. 18 980.5-980.1 very hard
gr. w/hard LIMESTONE inc. LL'IESTONE w/hign angl1e

976. 7 SILISTONE, mod, hard, sandy (0.6) Ifra cture

Pa Ir 978. 7-978.6, 
1
cw angle

975.0 ___SHEAR ZONE, SILTSTONE fragas 100
973.9 i__ n ra ciaXmatrix(0.6 loss 976. 1- 97 8. 5 1Imes t -ne

969.9 SADTN, hard, silty, fine CLAYSTONE zone
- rained, gray .6.

969.6 SILTSTONE, mod, hard, shaly,
sandy, gr. w/calc. inc. BOTTOM OF HOLE

CLAYSHALE, mod, hard, dk.

I gr. w/ironstone incl.

P4G.4P7~Mg3~A -- C TONEL AKSN A ~ 7



SUBSURFACE EXPLORATION

PRESSURE TEST DATA

BORING SIZE ELEVATION TOP OF HOLE ELEVATION TOP OF ROCK STATIC WATER LEVEL

5'" DIAMETER 1040.0 1040.0 30.7' (1009.3)

PUMP CAPACITY METER TYPE METER SERIAL NUMBER

22.9 G.P.M. BUFFALO METER COMPANY 6547826

_ __FIELD TEST DATA
TFCTGAUGE TLME .- L_ TFr METER READING TOTAL

TOP 9OTTOM READING I
N T E RV AL  

START of END Of
OEPTN I OEPTH (P.S.I.) START END jin,.$E . STed T (NTTEST C . Ft.)

Checqk Pump Ca acity 1020 1025 5 min. 20.0 134.5 114.5 3.06

Double Packer

50.0 55.5 24 1104 1109 5 min. 240.0 240.0 -- --

43.15 48.0 22 1150 1155 5 min. 380.0 443.5 63.5 1.70

PROJECT BORING NO., INSPECTOR DATE

STONEWALL JACKSN DAi 223 DAVID NUGEN 10 Octob-r 84

ORM FORM 2
I DEC 68 2142 (HED ,, I,11. .,1



Hl.. 225
Iv,.INSTALLATION

ORILLINIG LOG O*Vhio River Division Pittsburgh District = :7

I POECT ORLE 9ORC0Cr 56~ SIZEGNT E OF IETO icR on
Stneal JaOkAo OETaOFkOe 5. Dave Fugen

CLSIICTO OFATO MATERIALS, SCR Stalw OR EMR

3EDEIATIONG AGENCY Sprague &*, RECOV- d 4A0E(O -Cj M* i O* d
C0~

2 
town _ PrRsur NruigC .1 TA O F OER i O' NGI -. 9 .. 990

-OLE ~ ~ ~ ~ OC NOT SAVED -ia11 URE APESTKN -

R.DTOE odi hard to VAIO GRO20.WTE 101. rw

1 1020.2-1019.6LE br3wn
1 ~ ~ ~ ~ ~ ~ ~ ~ ca coatedES angularOMWatdRok 190 11 _

01. EPTH____________ 101E 9.T 2-118.,10 Cor 356 i.5-NAUEO NP

-103r.2 REtan inMsos 10 102* ihagl ons

SANDSTONE, mod, hard, medE
garyd in grafine, sity Box 107.-prtn alonge

cr as ed e inlraye 
co td/n u a

1008.750 1014.5-1014.8,m0c8.5bk

1031 - SILTSTONE, mod, hard, med. 1029 1013.4-10013.2-1rac.7
graywta s ickncsi dioc. tort -d hg anl oents
SADTN zones 005 1013.1d &d clay coated

CA~.SE&SANDSTONE, mod 96rd Bom01.-00opn d
g004y fiegrractitso 11.-prig ln

10016 - 1hrsdd, interbedded 10010.2y.bn
COA 1/ RiDScNE slackm

100.7 ed.gry(0.2)ON 1008.7-1008.2 bechn, k
s1ih0l odn ,d slick

1000.0 ~SHLETN mo hard, megryd00.-00..igag
11.032fract.had

gry likesie occ.rY 998. .j88 0.~ open
SANDSTOE zones1002 6-1 02.1 . claySote

SANDSONE, od, hrd to1001.5-1010. open, h g
hard,0 med.B grayE v/ar grayONod 9 Box plane aycatdsha

s0n6iltyd lain t ionsde .zoes3 10100 9l.2 w. partn g

fine -REDSNE, sila,hre 9974say atn
andlo co s below 991.0 100.-00.

crsfrat, se bkealed c

v/cla sea cntc

INC ~ ~ ~ ~ ~ 0 100.6R02. C , N~OSF"OSAEOiI LAOL(N



DRIWNG LOG ?coO t1VAT 
" 
WOF MOU L039. 2 Hol No.

PWACT sTAL"rT1EV
STONEWALL JACKSON DAM Pittsburgh District

ELEATIN LASOIA"O OFMAERLLS % coal b0x OR2~fE
EIIV A TIO N DEP OE N I) RE (Y . ,rCO V. . . ,/ ./' (E= ..,

a b c d f

SANDSTONE, cont.

Box
5

984.6 A 984.6

BOTTOM OF ROLE

S- 3M 6 -A - S- , l"F , ,7,O 7 I



DRILLING LOG IOhio River Division Pittsburgh Distric or 2 SHET

IPROJECT 1 IEADTP FBT 4ic imn

Stonewall Jackson Lake Dam I I. DATUM FOR ELEVATION SHOWN rrBU . ME)

2. LOCATION (C-.dMI. a, SMIN ,)PCT

Mono it. 12-13 DNST. 12 MAUATRER DOESIGNATI ON OF GRILL

3, DRILLING AGENCV pau Hnod4-
Crown Pressure Grotn 1pr3 u TOA N enoo 40 CVN jDIT.

4. HOLE NO. (As BURDEN SAPE TAKE"l.

.Ad 111F -M.04 224
S. NAME or DRIL.LER 1 OA UBRCM OE

R. HaddixIS ELEVATION GROUND WATER --

N DIRECTION Of HOLE 1$6ADATE HOLEE'ED
:X9fA =INCLINED _______ 066- FPO V 18Se 84 19 Seot 84

________________________________________ - -. ELVAIO TOP OF MOLE 1039 .6
*THICKNESS Of OVERBURDEN Wasted Rock 19.6 11,TTLCR EOEYFP9RN

* DEPTH DRILLED INTO ROCK Core 35.0 IN. SIGNATURE OF INSPECTOR

N. TOTAL DEPT" OF HOLE 54.6 ___ ave Mugen _____________

ELVTO ET EED CLASSIFICATION OF MATERIALS %.OR NOom O REMARKS
ELEVATION~( DEPT. LEGEND0 ~ECOV. SAMPLE ...-. ,IF~. d.PtA .

1039.6 FRY NO I .. ~g .O.
0 b cd

ROCK NOT SAVED

1020.0

SANDSTONE, hard, gray,
fine-med. grained, silty 100 Bo 1017.7 parting on silty

1100-1196.igl 1016.1-1015.6 scattered

1045SILTSTONE, mod, hard, gr. 1015'.6-1014.3 calcite
\w/calcite filled fracture j 98 1013.- healed vertical ,mint

SANDSTONE, mod, hard, gray, silty zone

fine grained, silty, 0cc. 1014.3-1013.9 broken hi
101.2 -bd -(0.1) Box angle fractures

,aLTMTN sof-o hardr. 2 1013.5-1013.2 trac's.

gpn~i r100 w/clay coating, rusty
SANDSTONE, fine-med. @ 1013.4

00.SILTSTONE, soft-mod. hard, lam. grading to slick
r. sa7d 5hl1 6 CLAYSTONE lens w/hard

100. 5SILTSHALE, mod, hard, L00 calc. Inclusions

- slick, carb., broken Box 1011.0 gray clay filled
COA, -KEDEUE, locy parting

1024pyritic, bkn. below 1006.3 101l1.0- 1010. 7 bkn.
- SILTSTONE, so f t-od, hard slick

med. gr. silty. clayy 1009.9-1009.5 high to
sik.100 low angle fractures

SANDSTONE, mod, hard-hard, 993.3 1008.9-1008.5 sandstone
med. gr., fine grained, lens
silty, micaceous, initerbd. 1009.6-1007.5 sandstone
w/dk. gr. SILTSTONE Box lens, moderately hard
laminations 4 1007.5-1007.3 bony

96 COAL w/SS laminations

CLAYSTONE, soft-mod, hard,
very bkn, shaly. slk 92

SANDSTONE, mod. hard-hard, 01
EMG- gray, fined grained 100EC N

fPM183 PREVIOUS EDITIONS ARE OBSOLETF S;T0NFW~AT I AC1(SCN r'A'



DUIWNG LOG (Conf She.4) L'" "~ Hole No.
PWA N"STAU.ATC"Iwe

Stonewall Jackson Dam IPittsburgh District O2SIr
REOE60X0EMARKS

EIIVATION OWNT LECOY. CLASM~iLEO Of.4~. MAEAL %s, C., I~Yb.l_ _ _ _ Ely .O
a__ b__ d f i

SANDSTONE, cont'd, Bx1005.5-1005.3 high angle
silty, micaceous, interbd 5slick contact in
w/SILTSTONE lam, grading 100 ciaystnne zone

~8.4to sandy SHALE 1003.1-1002.7esandstone
985.4- _________________ 985 lens

ISHALE, soft, clavey, dk. 1
2r., mech. bkn1 1002.2 UFR

BOTTO OF OLE1000.4-1000.1, ccurser
gralned



SrNEWALL !ACKSON I.AKE Y DATUM PO It ,~.RNT~

2 LO)CATION I~.c.. rS.,.j~61

MO0NO AT 1 3-14 12 MANUFACTURER DE51G.A',ON OF ON'~
I DRILLING AGENCY rueNen
Crown Pressure Grouting C. III~ u ;3oLN OFn <0Elt 4-JK*

4 HOLE NO (A.* Sit~ N d ~ng tell, BUPDEN SAMPLES TAKEN ---

5 NAME Of DRILLER 14 TOTAL NUMBER COME IN00(5E

R. Haddix 15 IEEATION GROUND WATER 009 3
6 DIRECTION OF HOLE I .. 0Pl~t

OMEAITCAL __c-~e IfNO______ E 30P DATE HOLE i 
1

.t 64 9 Oct 84
17 ElE HATION TOP 01 HOLE .040

7T HICKNESS OF OVERBVURDEN Was ted Roc k 'IQTLCOERCVEPPBOIG0

6DEPTH DRILLED INTO ROCK Core 1418 TOTA COGARE RPNECOYFR6R 0

2, T,TAL DEPTH OF 4OLE D1ave ue

CIE'TO P.LGN LASSIFIC(ATI.ON OF MATERIALS I CORE sox oR REMARKS
D. Recov. SAMPLE DrIIH AN e, -1_ .... d.PWN .

4 .0 ER oI

ROCK NOT SAVED

SANDSTONE, hard. 1:ght 4ra. 1 028.8-102. stained

I K ie to mned. vrained w dark .9,x 1027.9- 026.9 pen, wd.
vrav, thin, micaceous laim- igh anle, joint

I :nations, oc, . part ncs n
ilylamndt Iols

Be 8 x !-, 015.7, !,51.5
i1- r re g. ja t d

-0 :Ou 1015 hig ~g e

17:0 1 014-101 3.3 healed . higzh
1015- 015.5r'Ogie tracture

014. STONE, SHEA\R 2 'ne, .erv I '013. sill wd. partinv
-4 bknw/oc. c lav seams -I -uah

hard -- B, 012.8 01' 3* hish arele
-~ SANDSTONE, .ntcd. hr t .00 racttt . partial~oo

gray, fine 4rajned, -,'L 0"01 pen, high

0 ,)0.- hort' halv

1006.2_ CLAYSTONE, niodhard. Uk gra :010.1 i 00 9. hu,:h anile.
y w/crb. tage and r tght !rat

Saea L zTNE od ade pV.

1005. 5'1)09. 3- : J308. r Fe e. !cit

SANDrSTONE. mod, hard ton Ia l0pa 06 rHA t nZ ,e.4%
medar. sras aine ganed 100 1 'ft ca wsal rps

995 cly o08 hkn
COAL,RDSTONE, c. a t o ar I0.~ 11 )ki

gra2blcy, finetic me.gand100070. 8- 1007 0 ren, 1,;
sil w/YSONmod. hard, mek. grayl lam. n

m ic, g a c s l y beddi n w d 1 0 . 3- 1J0 .h 'h I c

ASoiTONE _________o________10_7_100.hSHEA

frac fne tue.rain ed~n

£M FRM186 KEIOs EI~TNS mar AR1BSL0E0C I



DRILLNG LOG (Count Sh..t)!'n''* . ,.N.

2*.NE.ALL' :ACKS()ND:AM E

FIF TONDt" E~mo CLASS)FIC.A!10. Of foaflULS %Cost 600o 0f0EMK

*~t NOe

9S- arr

-~~ ?RESS'-RE, TEST DATA ____

TES- !DEPTH DEPTH. ELEV. ELEV. METER READ -CTAL
2NO. :FROM TC FROM TO TE!ME START END I' ;ATER FYM 2P

50. 0 5.3 190. 0 98-,. 3 5 40 -200---

3~ -. I -S.D 996.S5 99--0 5 ~nn 38C 5 3~

'No IoM 1836-A Iou .0K1T z



Hole No .

DRILLING LOG rh. ver 1

1t>smirtC o ,
PROJECY I0 SIZE AMC A YPE OF BfI 1- inch :: ;

Stonewall Jackson Dan DATUM NOR ELEVATION SHOWN 7'?M MSL,
OCATION rcC.Ar,. ., $iL .15S

"a 3 1. MANUFACTURER S DESIGNATION Or DIL.

DRILLING AGENCY ,U'.E V
13 T3TAL NC O3 OVER- V'S'URSEV

.0LE NC A. N- H dflnlati1l• BURDEN SAMP,.IES TAKEN I.

5 NAME OF ORILLER 14 TOTAL NUMBER C ORE BOXES

Stev
e  a, wver

S  I 1I ELEVATION GROUND WATER Ar .esia
n

DIRECTION OF HOLE
YA NADATE HOLE

'NICKNESS OF OVERBURDEN 
7 

-
E.AION O.

S DEPTH DRILLED INTO ROCK IB TOTAL CORE RECOVERY FOR BORINC
DP L 1D SIGNATURE OF NSPECTOR

TOTAL DEPTHOF HOLE 2-.. 8-E'.959.8 I D. Nugen

ELEVATION, DEPTA LEGENDI CCOSSRCTON Or MATERAS CORE so. oR RKSID.. P -ECO V- ISAMPLEJ 'DIIII.As 11, , r 1 0*. " ~h ot

SILTSTONE, m.hard, med. grai 0.1 lost core, lech --
- shalev. clay, mech bk | time

- SSV.o - 582.9 49r.

q-- oss

-. !I 0--
- SANDSTONE, m. hard-hard fine

vrained, Cray within dark Parting a! 'n, c:.
- shair lai & occ tan silty , wd. saev lat O.l-r,. 

-

oodles w open Iow ani. a:-.
o~~~~ a. c. i:l .' . " -

.. :.ONE, moc hard, dk ct.

W scat tan sltlt nid - lit.-

in-:

:...PJNE, soft-mod hart,
sanit; w oci. tan. moo.

: I rre~uar artinQ 97-.6

- 7Lr\. t0. siii nod. ha t: L. . , c, . - .

tar. nodules. -7 ;i " -a Q -

-- "Den~Oc . AF. .t .t127, [ ,

a- .u - , wit. anulat co t.t

i. p SHEAF, ZONE, anpular rock

-rocK fravs. in fat, vr.
-_ ,dat, matrix .- .055, trWr +>. - "

- NDURATED CLAY, soft, red-

orav. tkn, vecort . ----

S . 1 srav clay SHEAF, - 980 f nr ,

1 with zrav clavstone 97Q0. - wd nartinzs Qh-.
- 970. q6t.F veT- bln %-. : -

:7-

, wd. -ontact

I -

SANDSTONE, mod hard-hard, )ren :. an . .,7-. "1."."-

- Cr., fine strain, sity a pyrite coted- 41 ",

.- I wd. horz. na 963.- . 963.2
ENG FORM Pc VV ... ORE' Y,5 V, Nf ORoJECT Vi>C Nc

I AIr... a.r-r



DRIWNO LOG (Cont She)-o f~TOP OF Ou 99.60U o

Stonewall Jackson 0, sre
CSIIA AELL CORE B6OX OkiEMAK

EEVATION DEPIH LEEND QSTPIC.TON OF AIA.S IRCS SAMPLE (DnAjag,,~. s

b d * f

SILTSTONE, s-mod hard low anc ! nart._n 96..

-963._

IN'DURATED clay, soft-mod nar d7
- red-grav. sli ckensided wd. broker . - 96 . -

slickensided parting

7: 1963.0, 962.0. 961.2-960.-

2D

959.8 Imech bkn 960.1 -959.8 0.2 24.8

0. core left in hole

Artesian Flow at

completion

*40 (M*193-A loio -
ffl 6



h o e M . _-DI oVIsION INSTrAC..AVON IS.Er'

DRILLING LOG r INS ION

ROJECT AN SE PI9

tone.'aI Jackson Da I U VTN N

2 OCATION (Co.P H, . ...e S. a X.)S L

St 'l _-5 7.8, " ups3 lRjN A 2 ns: K12 MANUFACTURER'5 DESiGNAThON OR ,RIL
3 ORILLING *GENC'

o .E Ii ott c Sons C111_ 3
13 OTAL NO OF OVER, OS'uR*E' . EtA "OLE NC ,A. *Ppp on 4,...3n4 r~tI.3 BURDEN SAMPLES TAKEN

.. ... --- --. .-

5 NAME OF DRILLER I1 TOTAL NUMBER gORE BOXES I

D teve Sawyers I ELEVATION GROUND WATER

6 DIECIO OFVAIO HOLE IrML 9UVETICAL 1NLIE DATE___ HOLEOMlIS

THICKNESS OF OVERBURoEN -EL 984.- _

* DERTH DRI.LED INTO ROCK 25.9 118 TOTAL CORE RECOVERY EOR BORING
491 SIGNATURE 01 INSPECTOR

SOTA., DEPT, OF KOLE 24.0 EL960.4 1). Nuven

E6EVATIO.
1 

DEPT. LEGNCi CLASSIFICATION OF MATERIALS I % CORE BOX OR REMARKS
(D. RCrt.w IECOV. SAMPLE -... .... aPn, o1

b ERY No W~~,p t. I*SIK7

OS-. -. - I SILTSTONE, soft - mod hard

gr., .Lavt, , sanriv. shalv,
--- very bkn. alone frac planc

"984.4 - 983.3 w/0.2 gr ve bkn. 983.0 - 98!.!
clavev filled shear @ 983.5 probably area of core

982.1 1 - 983.3 1 loss.

- SANDSTONE, moderately hard,
98I. - gr, silt' 5m

SILTSTONE, soft-mocd hard, 1 _--

- zr. sand,., .Iavev. shalev

- weathere7, irrevu.ar, nen

vertic:al - nig anSi'L 0i1nt

Q B-.2 - 9
-

) 1- weathered horz
_ parting 9-S.C w cr. 2.a-

shear fracure 99. -

32r .

7 C

SHEAR ZONE, anvular rCK
frags in heaw- zr. cIav

'atrix broken 9.77n2 11:- an-,>

CLAYSTONE. sot-mood, hard, wItIereC fra,- r "

gr.. hla re-5.11

--2 SHEAR ZONE "

- CLAYSTONE

-@ SANDSTONE, mod hare. zr,
fine g rained. silty -r7 -7 " e n ,rt -I2-

INDURATED CLAY, red-brown, - S-I. 3
- soft. slickensided

vertical open joint ' 9-1.1
- - 968.8 w 0.8 core !osq - erre O.0 - -

, nen. hieh ancle 'oint hB.-
-

0
h5. '

silt', nartinu : 6h.2 bkn

la, .-oated ,ontact 3iH

SANDSTONE, mod. hard-hard -' _

- [ Cr, silty w dark vr. silty

* i 1 , m.

ENG FORm 93 -. o s-w 1EcscEF qjc O 4



DRILLING LOG (Cont Sh...)!'L"-'D .('o o Hole No.
m~~mv IALATXKJWE

SION'EWALL JACKSON DAM. Pittrsurzh 0, -r,:r

CLASSFICATION Of MAATERIALS %COROX OR, EAK
ELEVATION DPT 01f EG5NO RECOV SAMPLE L~g,

D-- RY NO ,
* d f

so.YTN , t-oc naru.:

lnuurzatel Clav. softr-oder-
ate 1% hard, red, 4rav mu ech. . s

- 'Bottor. or hole Pulled off core. ra7.
back but T.Q 1-11- in
hole dept-, wre as

-71

71

PQ0Av "Ou V

SlUG0 P607RM 1836-A ''' moe.ouc



DIvsON INSTALLAION S.E! -

DRILLING LOG OniC River rhu 'IT' r o *i l.

PROJECT IC SIZE .. C TIPE Or e,- - LO

Stonewall Jackson Dam , DATUM FOR ELEvArIoN HO 'rM

2 LOCATION CCaodw-i. aIaonJ

o. 5 , 6 MAEACTUR S DESIGNATION OF OR~.

3 RIL.CNG AGENCY Cx'E 55
I H Mott 6 Son's 13 TO'A. NO OF OVER. D

IOLE N, tA *, **,wn III BURDEN SAMPLES TAKEN

NAME or DRL.ER 
I1 1C"AL NUMBER CORE BOXES

Steve Sawyers 15 ELEVATION GROUND WATER

DIREC ION O VOLE
"VI.1,1_ _-I- HED _ DEG IN DATE HOLE 1 a' 85 1 Ma, v5

I1 ELEVATION TOP O HOLE 983.8
7TICKNESS O OVERBURDEN 0.0 EL 983.8 16 TOTAL CORE RECOVER' FORBORING
DEPTH DRILLED INT'O IROCK 22-1

B I SIGNATURE Or INSPECTOR

TOTAL OEPTH 0! HOLE 19-2 El 964.6 D . Nugan

CLASIICAIO 0!MAERILS I CORE BOA OR IREMARKS
ELEVATION DEPTH I LEGEND, CLS,,,A . RC SA PEES RECOV_ SAMPLE -.... I.1 dA 1

ERT NO rR .*I

983.8 - Clavstone, soft-mod, hard.
- Igr., siltv, shalv wscat.

'tan sil. nod. mech bkn. 983. -
_____________________982.2_

981.8 !Sandstone, mod hard, silty

- iClavstone, soft-mod hard, 35m
- ,shaly, siltv, weathered
- 981.8 - 981.6 w/trace clay
.- ,coatinf ' Oer. horzn. ,'nzact'

- Silstone, mod. haro. dk. Cr.,
- ,lave, w occ. sand" lar', c,

zones OCC. 'an silzv foc.

poO sib _,-
97-. 8 conta ct

- Ciavstone, soft-mod. hard.
Igr. , silt, high angle we.

- joint 975.8 - 9-5.3 3 8m

Core bkn. sour. noss.

- Shear Zone highiv fractured

-- and broken rock with.
-ore loss between L .' -

bkn anC overC..red -

- 1.tst. ie , sott-mod. narc, o_.. hole cav.ln-
* - me-. 4r.

-- ndurated la., reo-OrGWn,

-- ', :. . . G;. nard. -'racturec
-- 25r ;

-- I Core spins, l- loss

core between " . -
- jo , 968.7

.. S

. IJS "nE. 'Iderateiv hard - Drilled dentl K
- .t' r:ne Cralned bO,

0Cr cors rI, rec

new" 1i::-

0 IS.t,
Sr- 5I i,kens ieU. red.

''0 l i '1,,i

FWG FORm 15- I ' O'*! B.qROJECT Ho.E Hc



Hoi. Ho -

31 E, C 11 SIZ EA .. C -E 0 N 11' r' !

onewa lngkson Saw ' DATUM 10. ELEV-0N .OR TR -
-OCATION .vd-t. ,SIfl

3 RH I ' AGENC.-I

A -C> N' A.~ A ~.re eg,,BURDEN SAMRLEN -KEN

NAME DN NIL.ER 14 TOIA.. NUMBER CORPE BOXES

Steve Sawyers IS E EVATION GROUND WATER

6 OINEC:-ION OF HOLE *RE: EE

'7 ELEAT IO O HOLE 98. Ma ,m

-CNJZNESS ON OVERBURDEN 0 - EL9h- ELVTONTPOFHL

'B TOTL CORE RECOVERI NON BORING
N DEPTA DRILLED INTO ROCK 21.0 N9 SIGNATUR.E 0' INSRECTOR

N -CTA DER'. ON HOLE 19.0 EL 96.- 1 D. Sugen

ELIAIN ET LGN, CLASSIFICATION ON MATERIALS %CORE 1BOX OR REMARIKS
EEHATIN. DEON LEEND ~RECOS ISAURLE 'Dt,..0. * -. hA

HR N C

98-.. 5 - Sandstone, mod. niard-hiard, (rcore mech. bkn.

7 tine grained, 9r.,

983.o open spur contact w'tr.cl. C robab!I, ares-s>
- Claystone, soft-mod. hard, .. >sF

dk. gr.,. silt%., w,'tas siltv
nodules :o re sr,.Os

- Siltstone, sott-mod. hard,

- k. ar. ,sand'-. clavev

- SCICO zon, w -. reloss

- : re DK-, I n' SM-I. - - . 5. S

30r' T ook :oebarr,. a nat._

Aczhier. nut, 500C CC.

had been nanoinlz in
cre bit

'--.5

- Indurated C1.-v. soft-mod.

- hard, red-brnwn. slicken- (p
sided. w closeiv spaced

- silIKensidec rartttOCs.

')Kn. 09.0 qt o 3W

- ondqtone, moc. har.- tine
- rained, siltv s. k. thir.

- ~ i~tv tringlers

SlstoneI so: -7od. hard, g~

I - Ak. gr.

- Indurated Cla% ';(ft , mod.. ~ ett o-

- hard , red - on sIk dT of Holeep12

EGFR 36F _ONE AN RE;_'-' RoECT HOLE NO



Hei. No-
DrvISIO. I.4S7LL*

T 
ION AsL L-

DRILL~i-; LOG ItI" RVER s'ittst3utL.tr1 ]s -Er.

S :,e w a l J a c k so n. D am 11 D A T U M F O R rCV O N S sO s '7B I M DL ,

.CATION 77' ,IrSL
Ds ANUFACTURE PESGNAlOhOF O..

3 (-MtrN *3C!

1. 
.O 51.1 . BUOEH S.MPLES 45E5.

4 TOTAL NUM9ER ZORE BOX

Steve Sawvers J
1

5 ELEVATION GROUND *eATER

6 D DIRECTION OF HOLE 2- .3 EE9E6
1 16 DATE HOLE 1.M , 8

E E ELEVATION TOP 01 HOLE 9FJ . (4
7 THICKNES sOF tVERhURDEN 0.0 EL 983.9

983.01 SAOTTOAE harR. grVI FOR graORL.I9N.

8DEPTrH DRILLED INTO ROCK 5 1 -I SGH.TU-E OF
I 

NSPE-1'O-

TCOTtEn f -HsOLEe 2a1r.3 EL 962.6 9.. ugen

983.9 g. , esit'.t' wR N tanh& silte€los d~ho
- ouls CASFCcc. sandE paring 4 REMRK

98 at ~ a sa d e s 8.5 - 98.

.9.

983.- - ICTAY'STONE . wd Lo el. shaly 2 2[m fracture 983.2-_

983.0 r SANDSTONE, hard, gr, f. grain L0. 1 983.C -

s mech. bkn 
o. 

w sihd-ken-a

- S:avstone, soft-med.-ard,,s93. 8.

- dik. gr., silt , wtan silt

nodules. Occ. sandy partings 4C X

aa sand lens 981.5 - 981.4

Sandsone, moc. hard-lard --
c~c'.i -- gr. *. zrain, silt%-

- OjirSTONE, sott-med-hard, d-n

- dk.r o . sany tan silty n 1

Clast. L.n sotec-. 
bkh.a.

r siltyans open cle.nied
__ - 976. run i'k .

S Shear one. 0.5 core loss 5!

75.9

Siltstone, soft- mood hard dk L- c i n e n 7 .

-- sand tan silt'.

-66.Shear Zone 0 core loss

I atior In: holes " -anc.(

07.m --2' jurinc 'hn- run

i Clastone, soft-mod hard.

- nr., silty slickensited
_ parting _ 970.5

9h8.9 J.

-- indurated Clayv, sott-mod. -

d I red - hn. gr,, s i irkenn
sided, w partingIs d 68.-, JO

966.0 w wd. contact

-O 3andstone , mod. hard - oard..t -
fine ,rain, gr., silty -10c w.1*,-'at,:

I -- rot urn

- Wd. contact
EN_ FORM. Pq c I HOL



DRILLNG LOG (Cent 
Hole ~141 No. :

StoealJackson Pittsburgh, Ditit FI

c d

Indurated Clav, soft, reC, 6 cavinr , notto7 hule
brown slickensided

96.0

!Bottom of Hole .2left in, hule

-7:1

Wd OM1836-A m'"'" Cu"



DRILNG LOG (Cont Sheot)IfAtIO 01 "D u I- Hole No.

Stonewall Jackson Pittsburgh District F ,
i- F I CLA.SWICATIN OF KATIREAL % COE IO OR EEMA*Ls

ELEVATION DPYN I r EECOV SAMPDP I LG0.g . .,J Ip .oi ~Rm ,ely NO --. '..I * f. h r .'

a b b € d f
Indurated Clay, soft, red, c cav%.nw bottor ;i,

brown slickensided

962.b ,.LI.O

Bottom of Hole l.2 jeft ir hoe

drilied cepth 22.5

JUN 1 is A Stonew a-Ja k o T T 32



VII *N rLL N S..
DRILLING LOG of . SHEETS

I P4OJECT W0 SIZe AND TYPE OF .IT I; 7j. 9.

Stonewal l JacLson Dar It DATUM FOR ELEVE ON S140 Tr W

2 LOCATION (C M. a S .. i

R.-on A~ou. -'en. St. . 2 MANUFACTURERS DIGNATIO OF DRILL
5 DRILLING AGENCY M iC)L 'e '

eons'; 13vr.2.- -.. . TOTAL NO OF OVER. I 
m

e-i
s

V D o, .ID.51 .. cc
4- .OLt NO (A. M- N 1111e BURDEN SAMPLES TAKEN

- Mi. -- -

S. NAME OF DMIqLLER 14 TOTAL NUMBER COME bOXeS

2.5 IS ELEVATION GROUN
D 

WATER

6 DIRECTION OF HOLE is DAATED I COMPLETEO

THICKNESS OF OVERBUROEN OTOO O OLE

IS TOTAL CORE RECOVERY FOR DOMING -1•.4
0 DEPTH DRILLED INTO MOCK e 1 I SIGNATURE OF-INSPECTOR

9TOTA, DEIPTH OF MOLE >). .xA-a A-.

CLVAAII"CAIO OF MATERIALS %CORE S0ax OR REMARKS
.PT-RECOV- SAMPLE (DFUI. IW..~- I.... FMKA NI

ENV No ~ . It .uI..

7 Z A Y . . . . - . m . s . t o . ,. to ..-
- : om. w ., nod. & auaer tc w. - 9"

"- -mev: inc.; S-. hollow ster. flight -
auger

2
D ,ecominc e. sI. Auger length 77.r-

- . NX core bbl. 17.7'

-4 Note: Run data not

received from uriller

Decorioc '.. 2... r.

-~

I 7 .5' lost core accurm.
-' 9 between 26. S tc 29.4

Ikn. & sta.
- 37 - . 'Z- -

" LAYS ONE - m.c.: m.s.;
llS S'i;. si. ; sli:. sh.

5:.TSTON- - r,. ar. M.

372 sa.

bkn. & sta. 1C-L.4
33- o 1369.4

- becoming V. sa.:

34- s1.. x-bd. Q 1069.-

35
sta. @ 1066.9 to 1066.t

36

vert. :ra. I sta.

- ' -- i:. x-o . .a 1 64. tc--

3 9 ----.-

4-- "- nc sand below I06.!

41
ENG..IFORM 18 36 P',vo. ~,ros OSL tROJECTI HNOLE NO



DRILLING LOG (Cont Sh..' t CY 
NoV

FONC I N$TAL LA?0 s r

Stonewall Jackson Dam H.E.. OF 4 SEfl
CLAS$1FIC.AT*N OF MATIMRAL %4 Cot E 4ox OR REMARKSl[

ELEVATION DEPTS LEGEND .ECO SAMPLE
!J61. C 4. E NO '',- ,. , ,.,,,

106tASIICT). FMAUIL

4 --
INDURATED 2LAY - m. gr. c
r. ;m.s. to s.; crumnly;

4, slk. pa.

44

45

1056.1

SILTSTONE - m. qr.; m.h.:
- sa. ; sm. br. nod.

4-

48-

4--

5- becoming cl. 8 IP3C.C

1049.3 -

r53- CLAYSTONE - r. tc gr.; m.s.;

- si becomin sa. cal.

~6-incl.; hor, pa.; sta.

- @ 1045.0

- v. bkn. & Eta.

- 1045.5 tc 1044.3

Ii

56 5

E3 clayey bd. @ 1039.2 c

1, .3 kn B. 8a

65.

-- 1238.8

ING FORM 1136-A PRO. .0



DRIW#'46 LOG (Con#i Sheet) 10, C4I.N.

O4 -0rls

E~l~~"4. flp~ co $ A C PLIO ,O

-'34.

1-3-. bz

JLAYST~ONF - r. M-. S.

irr. pa.

becom:,nc i sn.

- oecom.Lnc re-

- becomine czr. a 1,25.3

-_______becornine si.5 :4-

8- -. . s .b s : s i

7 .-b. 102 d. tcS.

84-

;imestone no'.

q.Sa. intbd.

88 -- 1.

IG FORM 183- u.



DRIWLNG LOG (Cont Sbe~t.t' Hole N

Stonewdli ;ackson. Lam ~ H E.

CASICAV* Of 3ATfRM-L$ CORE I60o 03 E-V

EL EVATION OEM.Y LEGEND REO SmL

- NDURATEL CLAY -mr. qr.; t..
tc s. crumoly; hi. bkn.

- SITSTOB -it. 9r.; m..;

becomiric dk. czr.

4-.4

COAL -w tic. ovr

i . BottomrC nl

'."A IS 936-'A I "*"'-u



SUBSURFACE EXPLORATION
PRESSURE TEST DATA

BORING SIZE ELEVATION TOP OF HOLE ELEVATION TOP OF ROCK STATIC WATER LEVEL

3 IN. (NX) 1102.0 1081.0 1N/A
PUMP CAPACITY METER TYPE METER SERIAL NUMBER

22.9 G.P.M. BUFFALO METER COMPANY 6547826

FIELD TEST DATA
TEST 1;FTIMNGAUGEI F TFqT METER READING TOTAL

TOP BOTTOM READING INTERVAL START OF EN WATER C. F. M.
OEPTM OEPTq (P. .1. START END (Hsn'.S ¢c.) TEST TEST CU. Pt.)

Double Packer

102.8 97.2 5 1034 1039 5 min. 395.71 395.71 0.00 0.00

97.8 92.2 5 1046 1051 5 min. 395.84 395.88 0.04 0.00

92.8 8T., _ 5 1056 1101 5 min. 396.02 396.10 0.08 0.02

87.8 52. 5 1106 i111 5 min. 396.26 396.31 0.05 0.01

z.8 --. 2 5 1i17 1122 5 min. 396.81 397.20 0.39 0.08

7.8 7Z.2 5 { 1125 1130 5 min. 397.33 397.52 0.19 0.04

72.8 67.2 5 1403 1408 5 min. 427.66 427.66 0.00 0.00

67.8 62.2 5 1413 1418 5 min. .428.18 429.10 0.92 0.18

6Z.8 57.2 I 5 1421 1426 5 min. 429.22 429.23 0.01 0.00

5-12-86 _

60.0 54.7 5 0854 0859 5 min. 437.40 437.46 0.06 0.01

49.7 5 0906 0911 5 min. 437.63 437.64 0.01 0.00

50.0 44.7 5 0915 0920 5 min. 437.70 437.70 0.00 0.00

45.0 39.7 5 0924 0929 5 min. 439.30 440.24 0.94 0.19

42.0 34.- 5 0934 0939 5 min. 440.80 441.70 0.90 0.18

35.0 29.7 5 0943 0948 5 min. 442.23 442.31 0.08 0.02

30.0 24.7 5 0953 0958 5 min. 442.83 442.98 0.15 0.03

25.0 19.7 5 1003 1008 5 min. 443.50 443.55 0.05 0.01

Single Packeg

60.0 106.5 5 1030 1035 5 min. 443.85 444.27 0.42 0.08

PROJECT BORNG NO. INSPECTOR DATE 5-09-86

STONEWALL JAOKSON DAM, GC-1 DAVID NUGEN 5-12-86

Oi F O PY
IDEC-_68 2142 'YEv P., II . )



DILLING LO F,.1 OF 5ALLAYs.
*Pro-JECT It size AND TYPe O. 917 4 8

L oewal Jackson Dam 11 DATUM FOR ELMVTO SONTU MIRJ

S allery. Monlltn No. 7S'a, 1.p 12 MANUFACTURERS$ DESIGNATION Of DRILL
S. DRILLING AGENCY , ea rmac

Pennsvivanid Dr~ilinc --c. STALN. 4O~IW ,RISO

4 HOLE NO, (A. ,- .n~ ad tel).1 GURDEN SAMPLES TAKEN
-w I* o. I - - NA

5. NAME OF DRILLER 14 TOTAL NUMSER CORE SORES

Briar% Adams,'' Saccan- C Mc-anu 46 ELEVATION GROUND WATER

S. DIRECTION OF HOLE hY NY 0 IO LYW

ZEWK C-uj.~~E 20C ui s ott. 1RK.V DATE HOLE :4 -24 - 8C 4-25-86

7 THICKNESS OF OVERSUROEN Conrete 21 . l LVTO OPO OE 1-3. .
I TOTAL CORE RECOVERY FOR DORING 9.

* DEPTH DRILLED INTO MOCK 63.C 19. SIGNATURE OF INSPECTOR

N. TOTAL DEPTHI OF "OLE 84,. ..

ELVTO ET 9ID CLAMIFICATION OF MATERIALS RCORE box oRt REMARKS
LEGENDP,4iN RECOV- SAMPLE (ODIR1 - .. S.

ELEAIO DETH9.W.U ERY NO -_ jt. Wh . 1Ui.W

CONCRETE Z

reinforcement steel Box 1
@ 1338.2

L. Note: Run data for
tc Runs 1-5 not received

14.5 fror drr11er

14

15z

13-

14

MG POEMA 18 36 PREaVIOUS COITIONS ARE CANOLETI RJC OE0
MAR T

(TrANSLUCRP71T' Stonewall jackson Dam G7



Stnwal Jackson ;Dam h o

eEFVA1O.~ DEPT. LEGENDOfO APE . " .

= bkn. around inc.118
-to 10118.3 t

beoming sii. sa. 11.3 2.

fSg., sa. bd.; sli,.. x-bdd. 1021.4

1017.- to 1017.6 to ___ ________

-1017.4 to 1017.2 .1311.7 ,-

24- Pul

Start 79i4
End

'5 Time 5E rot. rew-
water 1-one

Dr. 3e mi...
2C- Ran. 2

Rec.

Loss
Unacco
Dep t. 2E.E
T. Der. _ -

-becomina ci.; sh.. tz z

becomono Jk. ur.
J110. Star--

2j AYSTONt - i. ye. dk. cir.;Tm
w sin. r. olaystone se. DI

becoming dx. qr. @ to Re. .
43.9 Loss

-1010.9 Unacco
32- !.g. , m.h. , sa. bd. 117Deptn

101C.3 to 101T.2Der.1> De

33--, .W.F. - -.

3 - SILTSTO E - m.h. : m. r. ,
sn.; w r. oc.. ba. tc ____________

34-

Start

- oeooflJ~n~ye. :1

1005.9 to 1005.4 Rr.

becoming less sh. 5
-1004.8 

nac

-smn. m., s1i. x-bc. e
- sandstone intbd.

100Z.9 3 1004.3 to 1003.3 7

100'. 5 - 0LA.YsToNE - dk, qr.; ms5.
39-

-3A occ. pyr.; bkr.

sar
41- n

lert n 4

43-___________

998.1 - k: ~c
44 - SILTSTONE

9467O 1 636-A Stonwal jacso Darr, GeMC 10( N



DEILUNG LOG (Cont Sh..t)fLVAT'D" T, Of 13. Hole No. 7?-l

Stonewall Jackson Dam H.E.D. jo, 4 .Efsr

SO %MAMALS CORE IOX OR REMARKS

IL* ATFON DEPTH LEIRGEND V RECOV I SA PLE ID, U., -,,, .,,

99 C-. 44.. MY fa, W.tfog '

- SILTSTONE - m. qr. ;Sa. . -

to h. woO. sa. intbd.
Start

4- bax 4 End 16..
Time 6- ian.

- 43.9 Drl. 6. M-n.
46E

to Ran.
58.6 Rec.

LOSS .
99-. 7 Unacc. -.

to Depth 46.5
983.9 T. Dep. 46.5

-48 D. W.R. Sood-m. qr.
_ End of shift: evenInc

shift driller- B. Adamn

49

Start 163E
5 - End 13!

991.6
Time -m.

SANDSTONE - it. ur. m. n. to Dril. -min.
5i h.; fg.; Sm. si. intbd.; Ran -.

si. x-bd. Rec. -.

-- Loss
5 --'-naocc.

54 S- IL-TSTONE -TO .nE i ,.n s . -s- -

z:!.; w cal:. fil . of - s .
- nor. pa. cnc:

5 Time 4
986.9 . in

- SILTSTONE - sa. .h. m. - . Rah,.

56 - Rec..
986.0 , ss

- SANDSTONE- it. r.; m.n., na.
- f.g SI . si. W rSl . :ntb . Deptt. 2. 0

nor. pa. ,, s'. bds. T. De:. :£...I.W.R. ,ooc.-mq

58 _

983.1 i - ;Box Start " 914
End 19-

-- SILTSTONE - m. tc dk. Qr.: 56.C Time 43 n.

- m.h. tc Drl. 42 mln.
3. Rai.-

981.3 61 
Rec.

-- 983.9 Loss -C.-
-- tc Unacc. C

- INDURATED CLAY - s. tc m.s. 970. Depth 6,.662- im. to dk. Qr.
-- T. Der. 63.t

980.0 -. D.W.R. Good m.ur.

63 63- SILTSTONE - ye. sa.; m. qr.

- m.h. tc h.

64- Pull -14

ol . bd. 9 978.5 tC 978.'3 Start 2i12

-- End --_,

Time 5 mtn.
- LAYSTONE - sli. sl.; m.s. Drl. m2 in.

-- dk. 9r.; hor. pa. Ran . .

Rec.

' , hard nodule 3 976.f Unacc . ..
Depth 66.,

-8 T. Dep. 68.5
S68 I.W.R. Good - n.gr.

P 11836-A , o ., .w o
A 6 Stonewall Jackson Dam 1C-2



DRILUNG LOG (Cot ShD'$) ''o- 1 039. C Hole No.

PRONC' !41LAO 4
Stonewall Jackson Dam H.E..

CLASSIICATO OF FAT~L % COfl $SO Ot PMA(ELEVATION DEPTH LEGEND -p-C~SPE - .:,

STSTNE . tc ..

start

- CLAYSTONE - m.s. to o. t. dk. .qr .; nor . pa. ; w. occ. smn. Dr" ,r.i

limestone nod. Ra r.
- Re:.
-- Loss

Decth -
De .

-3 Ea o h f :rin

- becoirunc slk. 8 969.9
box

74 Star",

-].3 End ,,~tO"5~~~ Time r. .
'S -- oDecoming gr. tc r. e -ae :

968.2 tc 96E.4 Ran ,.

slk. pa. 968. tc 96t.. Loss
-- '. nac2..

6 .D e :. --

S :LTSTONE - m. n. . .. R.8. ];.; -F..

965.2 r.; 
.sb. 

C21.

79 - CLAYSTONE - sl;. si. tc 80,6;

8- red Time M2 1.
963.8 -Dr>. -- m .

licom nc ve. s-. 963 3 Ra n.
81 -- Rec. .

-Loss

Unacc.

62- DePth 83.0
T. Der. 80.?

-- D.W.R. Good - m r

Bottom cf nole S3.-

84

840F'RM ton J o
AH6 186AStonewall Jackson Dam ,.-



SUBSURFACE EXPLORATION
PRESSURE TEST DATA

BORING SIZE ELEVATION TOP OF HOLE ELEVATION TOP OF ROCK STATIC WATER LEVE

3 IN. (NX) 1039.0 1019.0 N/A

PUMP CAPACITY METER TYPE METER SERIAL NUMBER

22.9 G.P.M. BUFFALO ME'ER COMPANY 6547826
FIELD TEST DATA

TF T GAUGE TIMFQEF Tr T  METER PEADING TOTAL
1GUG WATER C.FM

ToP BOTTOM READING INTERVAL START OF END OF C. F. M.
DEPTH DEPTH (P ... ) START END (Mjn..Sec.) TEST TEST Cu. Ft.)

Double Packer

79.6 74.0 25 0958 1003 5 min. 567.60 567.71 0.11 0.02

-4.6 69.0 25 1012 1017 5 min. 568.41 564 0.00 0.00

69.6 64.-7 25 1020 1025 5 min. 568.45 568.72 0.27 0.05

64.6 59.2 25 1036 1041 5 min. 568.75 568.76 0.01 0.00

59.6 54.2 25 IC44 1049 5 min. 568.79 568.79 0.00 0.00

54.6 49.0 25 1053 1058 5 min. 568.84 568.88 0.04 0.01

49.6 44.0 25 1103 1108 5 min. 568.90 568.97 0.07 0.01

44.6 39.0 25 1112 1117 5 min. 569.04 569.19 0.15 0.03

39.6 34.0 25 1122 1127 5 min. 569.28 569.65 0.37 0.07

34.6 29.0 25 1130 1135 5 min. 569.75 570.13 0.38 0.08

29.6 24.0 25 1139 1144 5 min. 570.25 570.71 0.46 0.09

24.6 19.0 25 1149 1154 5 min. 570.90 571.60 0.70 0.14

:C)O N, N . INSPECTOR DATE

j A JAZKS"N D;0, GC-2 DAVID NUGEN 4-25-36

O H 2142 1ED r.- 1)



I IECTO OF siltE AND TYPE TE OFocg II

4 ELEVUATRE DSGATION TOF ODROILL.

- '1; "- -- 1 TOTAL NOR REOVER O RI t. -- " " 6

NAM OfTI DRILLE NR OC 1 TOTA I NA UMER INMEPBCTO S

TOA DI E TI OF HOLE -l. -

ELE AT DET I CLASSIFICATION, OF MATRAS ICR lxO REMARKS

to CO0 NCRETE

I.DSCN It 1qr

-i Note. -ak. '

-n - -o m. Box0

-tt

'4..

ve..'9 eO ': ...

are 

-OL -09... 
-

EKG FoRtm 18 36 FRevI ous EDITIONS ARK OO1MLE.EK0I. 'OES

MANNS I E



Shet-f -, no -o ---.- MoeN ::

DRIWNG LOG (Cont Sh..t 1 ,0 _ON

stonewall Jackson Da.,

ELEVATION DEPTH LEGEND Ct $ 0F C.AYIOLN A .TRIL5 1- I-

---- overor2Oiied

-- .- .ox

;. m..h.; c. x- bc,, sa. t

-. 6 .i to 961.1,
---- Decoz1n. e.
-- 961.2 also sh. 965.8
-3 becom k. gr. t2 t0

4 LAYSTONE - gt. tc r. sr.;
m.s.

- LiESTON - u-. !: or.
_______ h

----- ero. ora: . _-::. to

4. -

42--

- 22. 02 it. Or.
m. s. to m.n..; L. . occ. box 4

44 -- sik. oc. . Se.

45 5E.6
-. 3' :cre loss

- 45... to 45.5 95 .-

46 tc

48 -

49-

- 2.C' core loss

52 
t

53 -
ENG FORM 1536-A ,,ox' o

PI 67 Stonewall Jackson Dam GC-3



DUIWUNG LOG (Cant She.t)l''~ FtV0X) TO OfIFU Q '3 4e1 No.
ojev STA-tAC fl

Stonewall Jack'sor. Dam HLL.-st'
i CLASSFICATION OF o4ATEIAL5 coa I Bo OR03AK

ELEVATION DEP'TH LIGIND RECo SAAPE 0,-

54.

3
6.

4  
55 - COAI - low qrade

CLAYST4JNE - In. qr.; s. tc

51 m.s. n-1, bkn. & crumb ly w
cl. se. oc. sm. pyr. cs:-.

Box 5

5S - LTSTONE - IT. m. n.

:.sli;. sh.; w/o. sm. z!
se . 3~ 7 ~3 . 2

----,.... .. z cre l~oss 61.4
c vseam

NG 1864-A * ~ ojeo -O( c
':onewaj 7'acksor. Dar



SUBSURFACE EXPLORATION
PRESSURE TEST DATA

BORING SIZE ELEVATION TOP OF HOLE ELEVATION TOP OF ROCK STATIC WATER LEVEL

3 IN. (NX) 993.7 984.0 N/A
PUMP CAPACITY METER TYPE METER SERIAL NUMBER

22.9 G.P.M. BUFFALO METER COMPANY 6547826

FIELD TEST 01_41A

TFqT qTTN TIMF OF TF__ " METER READING TOTAL
GAUGE WATER C .M

TOP BOTTOM READING INTERVAL START OF END Or C. F. M.

DEPTN OEPTH (P.S..) START END (Min.-Sec.) TEST TEST Cu. Ft.)

Single Packer

51.5 62.5 40 0340 0345 5 min. 478.13 478.38 0.25 0.05

Double Packer I

52.2 47._ 40 0505 0510 5 min, 480.27 480.34 0.07 0.01

. 42.2 40 0520 )525 5 min. 480.67 480.82 0.15 0.03

24 37 2 40 353C 0535 5 min. 480.86 480.86 0.00 0.00

3-.3 32.2 40 0540 0545 5 min. 481.50 481.50 0.00 0.30

32.0 27.2 40 0550 0555 5 min. 481.55 481.73 0.18 0.03

27.0 22.2 I 40 0600 0605 5 min. 481.91 482.69 0.78 0.16

22.0 17.2 1 40 0610 0615 5 min. 482.74 482.84 0.10 0.02

17.0 12.2 40 0620 0625 5 min. 482.87 482.91 0.04 0.01

12.0 7.2 40 0630 0635 5 min 482,92 482.92 0.00 0.00

PROJECT f____,S NO. INSPECTOR DATE

STONEWALL JA7KEON DAM GC-3 DAVID NUGEN 5-15-86

ORH F'c)R

I DEC 2!1 ,2 (HED P,, 1110.1.1)



VSLLW O INSTALLATION ME

IOJECT to ;w12E AN TIPE OF BIT :,. low. 4SEET

Stonewall Jackson. Dar,.I.DTMrNEEAINS~Nf3
1LOCATION (C..b .. - £I.aso MS.

IS. 5AN" 1A1C1 URE R' SINTO OFDRL
I DRILLING AGENCY ... rr

~er.:.uj.'ar~.a Dr.i12no 2~.. 3 TOTAL NO. OF O YRSSvNYR
H OLE NO (A. 0- - *a BlI URDEN SAMPLESETAKEN ----

SNAME OF DRILLER 14 TOTAL NUMUER CORE BOXES r

15 ELEVATION GROUND WATER

6, DIRECTION OF HOLE It*RE DATE HOLEg

VEYC* INCUINED 0_____,_ DE. PRSVEY13-86 5138

- 7 ELEVATION 'TOP or HOLE
7 THICKNESS OF OVERSUPID910 :oncrete :S-

IN TOAL.: COR4RCOVERY won soRINO" -
N DEPTH GRILLED INTO ROCKISSINT EOFNPCO.

9. TOTAL DEPTH OF MOLE 76.9 1 --- '---

ELVTO ET EED CLABSFICATION Of MATEIALS Scome Box oR REMARKS1
ELEVATION~t DE.T LEEDt-~~ EOV. SAMPLE t-. IUINI01-- ,

ERY No . IUV.

CONCRETE Lo O Note. Run. data rot- recez-fec fror,

to

1,.4

100

MAR 71 s~tonwl a
IMANSLUCI9.-.



DRIL1G LOG (Cont Sht) O'F' " Hole No. ]' -4

6tonewall JacKson Lar 3.L.1.

CLASSIFICATION OF IATFRLALS COI ISOX ON 1EARK
ELEVATION DfFTH LEGEND ,CRECO S Pl ,

24 -
718

981. 6 -

SILTSTONE - ar. m.s. to

m.h.: e. C1.

2n. br. nod. @ 981.'
______ bkn.

alt. M.s. . . oo. &

ot .n. , Ea. od.

- 7LA'STNB - ~dk. t r. :

.- -s.; SI.. sn.

3 1
- e becomnc sli. si.

Bax

3 - :NDURATEZ Z A: - " .

s :-STONE m. r.
969.9 filed aag. Zri.

38- :NDURA7E2 2:A'- - IT. cir. -

crumoly areas

39

sm. s. : s. se.

4. - -)b.rt .

41 -

4 -

,3

44 -

ENG ,fooz 1836-A Stonewall Jackson Dam ' GC-4
AI 6



OItWNG LOG iCom OF '0W

.ioA C' CtI S*L ' ,.

Stonewall Jackson Dam H. E. . IV 4

CLASSPICATION OF MAERMLS -. CORE IsOx OR #toRrs
(LEVATIN'. DEPTH? U, 40 b RECOV' S*P L L'.,4.a , , ...

S1LTSTONE . r..n
imy

sa. bd. 9 9t-. to SO;.? Box

43.,-

Q. 75 ' lost core 4. tc

46.85

becoming r. & cl. @ 960.6
963.9

9S9.99 - t

46 CLAYSTONE - gr. to r.; m.s.

to s. slk. pa. hi. bkn.

49

5i

LIMESTONE - si.. cl0; or. tc

- qr. it. tc

Box 5

58.2

:B.4945.O 6 - t

ZLAYSTONE - i.h. tc s.; dk

6, -- gr. tc br. ; hi. bkr. ; w'no.,
c: S. se. to

935_

64

or -*-' 4.5 ft- core joss

oetween 6.3 & -. 4
945,- to ?3">

368 i

' Stonewall Jackson Dam. -4



DRIWNGLOG (Cont SZ"#) ftfIO HTOle No --

fLSVATIO. D(T- LEGEND CLASSIFICTION OF AT1ERALS CORE SO0T OR

- =:S-ONE - i,. qr. M.

- ?DAL- IO~ rade

- -CAYS72i'JE ik 4t..:. bk ox

5's. sik. Pd.: 0co. t:oS.

~t.pyr.

-4

8 E -

EN M13- OROT "CU .O
Stonewall jackson D.am



SUBSURFACE EXPLORATIONPRESSURE TEST DATA

BORING SIZE ELEVATION TOP OF HOLE ELEVATION TOP OF ROCK STATIC WATER LEVEL

3 IN. (NX) 1007.5 981.6 N/A

PUMP CAPACITY METER TYPE METER SERIA NUMBER

22.9 G.P.M. BUFFALO METER COMPANY 6547826

FIELD TEST DA.A
TcT FTN GAUGETIMF MF TFqT 'ETER READING TOTAL

GAUE ITERALWATER c. F. M.

TOP SOTTOM READING STARA START Of END OF

E PT DEPTH (F.S.I.) START EN. (Mj,.Se¢,) TEST TEST Cu. Ft.j

Single Packer

72.7 77. 1 40 1016 1021 5 min. 445.52 445.52 0.00 0.00

60.4 77.1 40 1042 1047 5 min. 446.55 447.13 0.58 0.12
T
I

.LL , .f 4C 1053 1058 5 min. 448.50 451.64 3.14 0.63

Doub'e ?acker _________

58.C 5Z.8 40 1140 1145 5 min. 452.80 455.36 2.56 2.5

53.0 4-.8 40 1152 1!5- 5 min. 455.58 455.91 0.33 0.07

48.0 42.8 40 1238 1243 5 min. 456.50 458.28 1.78 0.36

43.0 37.8 40 1248 1253 5 mi. 458.70 459.80 1.10 0.22

38.0 32.8 40 1258 1303 5 min. 459.95 460.35 0.40 0.08

33. 27.8 40 1310 1315 5 min. 460.50 460.95 0.45 0.09

28.0 22.8 40 1320 1325 5 mi. 461.20 461.99 0.79 0.16

PROJECT BO NO NC. INSPECTOR DATE

ST2N:-;-AL:. JACKSNt DAM GC-4 DAVID NUGFN 5-14-86

DE. 6b 2 42 (NED P. 1110. 1. 1)



DRILLING LOG . SHEETS
7PlROJeCT to SIZE AND TYPE OP BIT NY

Stonewal.. Jackson. aa a. IIDA'TUM O EsEVATOl •HOM f lEL)
r. LBEATION (CE--tlabNW MISL ,,

Monc .'ih No. Sta. 2- Iz MANUFACTURErS DESIGNATION Of DRILL

S. DRILLING AGENCY

Pennsvlva:oa . 13. TOTAL NO. OF OVEIR- 1VINSES U I
4. HOLE NO (A. MwM - .A m 11*' BUDEN SAMPLES TAKEN ......

IL NAME OF DRILLE 14 TOTAL NUMBR CORE BOXES

IS ELEVATION GROUND WATER

6, DIRECTION GF HOL TE' STA:TIKD .

VETIAL__HCE ________ EO 'G S DATE IOLE____4

7 THICKNESS OF OVERBURDEN oncrete 35.- 17. ELEVATION TOP OF HOLE

I TOYTAL CORE RECOVERY FO BORING .z
DEPTH DRILLED INTO ROCK I1. SIGNATURE OF INSPECTOR,

S. TOTAL DEPTH OP HOLE -.4 &. --
CLAIrICIATON OP MATERIAL$ SCORE BOXOR REMARKS

EL.EVATION DEPTH LIEGEND F~RECOV- SAMPLE [ (DUI.l t, I.. 4h
1 , 3-". C ERY NO w u¢... I.tI I

CONCRETE BOX NX Core b -

to Note: Run zat:a ,ot

14. 1 receivez fo :r ler.

2Box 2

---- J 14 .-

Box 3

.B.

Zone. rock Sontact -oo.25 .
-  

Elevo 99.C to_

1tS:LTSTONE - .qr.; re.h,:--

mer I~n
dosa . . ftl..ta_

cn- -~h : f.c;. sand.stone

42 ~ ~ bc ?9YS 5E . o.

44 -1

SANCST2 E& s:tst. D.

4 C rc. --8<

"-- diaa ., fjj. fraz.

4: -

4-

m. to to

ING FOR#NS3 RVIU DTOSAR 11OC1 PROJECT HOLE NO0

MA 3 TONE - Stonewall Jackson a

'TRANKSLUCENT)

ASl



DRIWUNO LOG (Cont Sh..t)l''~ *"' Hot* No.

Stonewall Jackson Dam H .IO V

CLASSIfICAT' Of. MATI1ELS % COtE IIgo OR REMARK~S

CLAYSTONE - k. t~o m.-ar.;
ms. tc m.2.; sI.; sik. pa.;
waco. h. br. nod.

- SILTSTONE -mq. gr.; m.h.

- CLAYSTONE -dk. to m. qr.;
.~.;sli. Sn.

5.: - h. S.1. nod. @97-.si..cc '.,

SILTS-3NE - mr. ar.; mn-.;
- cl. ; W occ. n. s;.-. nod. Box

9T9

- to

CLAYSTONE Yrc. qr.; m.s. 961.4

- sik. Pa.

~ ~ 2.core loSS

-6-.b tc 6-.

-4 :NUATED CLAY -or. to .
- m.s. ctc s. bkr..

65-

66~'-.2' core loss
- 6S.7 to 65.9

96:5

. SILTSTONE m . to lt. cgr.;

- Z.h.: sa.: sli.. mic. ; irr.

68 pa.

CLAYSTONE -r. to qr.; m.5.;

- sil. so.. to -1.

7.2 core loss

- ~ 27to -C.-

'OO 1836-A I- imomIO 'I Cu 0
Stonewall Jackson Dami GC-5



DRILLNG LOG (Cont Shoot)'

S- :,ewall Jackson Dar. .L. L i OF s, ls

CLASSIFICATION OF ATRL 5 COlu sox 01 i

-.E 
I  

LEGEND ,EXCOS 5PXXit , ,

to

-5 - 94l. 4

76 -- 4C .

- slk. pa @ 956.3 to 953.E
"76

-- LIMETONE - it. zr. to it.

- .: m. . to n. occ. si. bd.

Sc. --

34-

-LAYS TNE - i. or. m m. Box

- S. br..

-- B~Fottolts hl

-- 9-.4

946. 3

to
945. S

U OPM 1836-A m.',-oM I"OX NO
• 6 Stonewall Jackson Dam-



SUBSURFACE EXPLORATION
PRESSURE TEST DATA

BORING SIZE ELEVATION TOP OF HOLE ELEVATION TOP OF ROCK STATIC WATER LEVEL

3 IN. (NX) 1032.5 996.8 N/A

PUMP CAPACITY METER TYPE METFR SERIAL NUMBER

22.9 G.P.M. BUFFALO METER COMPANY 6547826

FIELD TEST DATA ___

TEST F TIQN GAUGE TIMF F TiT AErER READING TOTAL

TOP BOTTOM READING INTERVAL START 0 WATER C. F. m.
DEPTH DEPTH (P.S.!.) START END TMin- SEec. ST TEST Cu. Ft.)

Single Packer

70.0 87.8 25 1440 1445 5 min. 464.00 467.45 3.45 0.69

. 0U 87.8 25 1454 1459 5 min- 4689z0 471.37 2.87 0.57

Double Packer

83. 78.5 25 1550 1555 5 min. 4-2.50 475.72 3.22 C.64

5-15-86

78.7 -3.5 25 1250 1255 5 min. 476.13 476.20 0.07 .21

73.7 68.5 25 1305 1310 5 min. 476.28 476.33 0.05 0.01

68.7 63.5 25 1315 1320 5 min. 476.42 476.72 0.30 0.06

63.7 58.5 25 1324 1329 5 min. 476.73 476.74 0.01 0.00

58.7 53.5 25 1335 1340 5 min. 476.86 476.87 0.01 0.00

53.7 48.5 25 1344 1349 5 min. 476.90 476.90 0.00 0.00

48.7 43.5 25 1359 1404 5 min. 477.04 477.05 0.01 0.00

43.7 38.5 25 1408 1413 5 min. 477.42 477.44 0.02 0.00

38.7 33.5 25 1417 1422 5 min. 477.48 477.48 0.00 0.00

2,DJEC8 !BO':NG NO. NSPECTOR DATE | ,-.

£TONEWALL JACKS2N DAM GC-5 DAVI.) NL'GEN 5-58

ORH r 2..
IDEC 68 2 1L42 (HED P.,~ 1110. 1.1)



DRILLIWO LOG ISTAILLATIN 0VE O SHEETS

S tonewdi. Jackson LCam DAUM.O EEVTN MOS(UI.j

ILOCATION fC.s. .. £MIkw MSL

5 b DRLIN OEC 12 MANUFACTURMER'S DIESIGMATION OF DRILL.

I3 TOTALNNO- OF OVfE. ! -VRBO UN9SUA
HOLE (O A, .4, wo - rm S. .IBURDEN SAMPLES TAHE

- ft M6.0 - - --.

S, NMNE OF DRILLER 14 TOTAL NUMBER CORE BOXES

Jim McJ ann IS ELEVATION GROUND WATER

G. DIRECTION OF MOLESt. 0 CPEG

Er]lSITe.L I...INS 0 Y aV.- IS DATE HOLE-

17 ELEVATION TOP OF HOLE -

7 THICKNESS OF OVERBURDEN Concrete 4

S DEPTH DRILLED INTO ROC.I 15TOALCEREVRTFPBRN

9TOTAL DEPTH OF HOLE §SGAUEO

ELEV ATO D!TIEND CLASSIFICATION OF MATERIALS ~COft B OA OR RENARKS
(D . rNWN XECOV- SAMPLE (O,UI.M *. __ I._.. "WSA.1

LDNCRETE Drill :rouq-. concrete

rocrK .:,ezk-,c zoncrete.
roOK x ontact

-~n-I

-

EMA 'R' 1836 PREVIOUS EDOITIONS ARE OMLEtE PROJECTHOE0
WARA SLUEN? Stonewall :acKsn Dan



SUBSURFACE EXPLORATION
PRESSURE TEST DATA

3ORING SIZE ELE\AIION TOP OF HiOLE ELEVAT ION ",OP QF ¢CC-I '-TjE ,ATE. .;, _

3 IN. (NX) 1005.0 995.7 N/A

PUMP CAPACITY LMETER TYPE ~METER CSERIA.L NUMBER

22.9 G.P.M. BUFFALO METER COMPANY 6547826

FIELD TEST DATA -_

AGT ..L.N IMFOF TvqT METER READING TOTAL

TOP OTTOM READING INTERVAL START OF END or WATER C. F. M
DEPTH T LPTH (P.S.I.) START END (MSin.. ) TEST TE T Cu. Fr.)

Sinqle Packer

0.0 10.5 40 0859 0904 5 min. 668.85 669.63 0.78 0.15

SLIGHT CONNECTION TO DRAIN HOLES

NO. 8 & 9

_ _ _ __ _ _ I _ _ _ 1 _

_ _ _ _ _ _ NO_ INSPECTORDA_ _

I J __I _____ _ _

I TRC JE CT ORtN§ NC. INSPECTOR :DATE

ST. ; :wA:,t JACY10ON DAY. 02-6 DAVID NUGEN 5- 28-9,

ORH FOR.',
I~ DEC , 21L42 (HEz P.. ,,,0.l.)



SUBSURFACE EXPLORATION
PRESSURE TEST DATA

BORING SIZE ELE\ATiO.N TOP OF H-OLE ELEVATION lop OF ROCK STAT IC AATER LEVEL

3 IN. (NX) 1005.0 995.7 N/A

PUMP CAPACITY METER TYPE METER SERIAL NUMBER

22.9 G.P.M. BUFFALO METER COMPANY 6547826

FIELD TEST DATA

TET GA-fUGETLE-.FT T_ I METER READING TOTALGAGEWATER c. F. M.

lop 8TO READING INTERVAL) START 01 END or WAE C.F.m
DEPTH DPT (P.S. 1.] mTinT -N sMn ec.' TEST TEST Cu. Ft.)

Single Packer

0.00 10.5 40 0848 0853 5 min. 660.00 667.75 7.75 1.55

CONNECTED TO DRAIN HOLES NOS.

8, 9, 10 AND EXPLORATORY HOLE T
02-6

I_____________ _______ ________,_ _ _ _ _I _ ± _ I _

! I _ _ _ -

p _ _

_ _ _ _ _ _ __ _ _ _ __

_ _ _ _ _ __ _

- I r~__

", "," a ATE

.__ __ __ __ __ __•_ ___ __ __ __ _ __ _ ___', __-__-

..... Il I 1 I l0l



DILLING INTALAIO

PROJECT~~O [iSSZaAD YE ' I

2 OCATION fC(zSoeal acSor.Da
12 MANUFACTUMERS DetsIIAT.Ok OF am'-.

I DRILLING AGENCY
;ennsv -vai..a Dri I TOTAL No or OVER-. VRE ~ ON~NE

A HOLE NO IA -- PM PM. INIHN OURDEN SAWNPLaS TA KEN

S, NAME Of DILLER TO L.T.OME. ON OE

a DINECTioM or HOLE A-6.O.UEN
1N DATE "OLE

17I ELEVATION TOP OF -OLE
T TIIICNNESS OF OVERBURDEN Concrete

0~~~ ~ ~ INT RLE IT OK1 TOTAL CORE RECOVERY FOR BORING

N DET DRLED1TO9CE~ SIGNATURE OF INSPECTOOL

9 TOTAL DEPTH Of MOLE . -t-.

ELVTIN0LASWICATIO. OF MATERIALS %come sox OR REM ARKS
ELvYO

1
1Y.P LEG2ND (O ~RECOV- SAMPLE (O~uIjw IN -- J.N. .N NI>:. E~~~RY NO ~ Fm ~ tMMIN

CODNCRETE Drill tnrouqh- concrete
(C- tc 9.4 ft. Lntc

rock cneckinc concrete

roc k contact.

Drill time:54n-.

-t:

______ ncretercx zontact

Bottomr c: ncle

-4

EMG FORM 1836 PREVIOUS EDITIORN ARE OMOLETC RJC LCMNAP 11 - Acewal. 'ackso. --air
rmAN SLUCN7'



DRILLIOG LOGCT IO INSTLL OF4SET

I ft04 C-T a SIZE AND TYPE oF SIT .

6tonewa11 .Jacxsor. barxI AU OREEAINSOR -n-EL
-LO3c-PION ec-daP - S) MS

S ta. -51. Downs-rea-, I2 MANUFACTURER'S DESIGNATION OF DRILL

&. DRILLING AGENCY Mpt.
Penxnsv>Jan.4 -z. ITOANO O VR IOQNEO LIOIVNE

A. HOLE NO(A. show Iw Rawld WI,1 BURDEN SAMPLES TAKE.
- NI. jiO .

S. NAME OF DRILLER I. TOTAL NUMMER COME BOXES

mr, :,anc It ELEVATION GROUND WATER

4. DIRECTION OF HOLE -STAR- g I COMLEVBO
IN DATE HOLE 3

17 ELEVATION TOP OF1 HOLE
7THICKNESS Of OVERBURDEN ----8--.

It TOTAL CORE RECOVERY FoRt BORING .S
9 DEPT. DRILLED INTO ROC. -

IS9. SIGNATURE OF INSPECTOR
N TOTAL DEPTH Of HOLE -j 5 f cm (10o9Z~~

9EAINCLASSIFICATION OF MATERIALS %, CORE sox oR REMARKS
ELVTO !EPT NLEGN .D... lECOV- SAMPLE (DrUI.W IMN -- &,-A PNh t

z2LSTorE - sli. ::. or. L05  e 2C. ft.
Li .. 1.1 ter first run: aoo-er

*J tc 7j8,.4 to

21 NX --ore bbl.

03:.

Enac2

rec -c .c.

---. Os core e.to2c

2LAYS'31N-- - T-Q. ms. .WI ,0

SILTSTONE - 1t. tc mn. Or.

mt.. wf 0 sa.

sta. :rac. I~ ~ 1
sli. x-oo - . t

not sand% 1.' C l

SIM. dk. -. . S- Re c;1 .I.

Lcs -.

332 - rav.

-I.AYST-NE - .to r t

to s. 7 okr. . s~rt. ua.

EMG 0 t 18 36 PREVIOUIS EDITIONS ARE OBSOLETE mOfT.0,L*
MARN'! .3 .-- .

rRATsLucaENrT,



DRIWNG LOG (Cont Shet) It'' ' to' 0, 0" Hole No.

o i S1IALL~nO r

Stonewall Jackson Dam H.E.L. F, 4 $.Ern

CLASSIFICAT0ON Of ,A"TEIALS % CORE Bo OR EA*X.S
ELEVAnON DEPTH LEGEND RECO OA..LE .

11 4 V P ,f, N
* d

a 4 1 dbox

41__ - - . calc. :n0. i>61.2 tc Box 2 3tart i4

SILTSTONE - It. qr.; m.s.; 35.1 T ime 38 mr..
42 . to 43.5; elev. 305.S to DrI. 3- min.

49.8 Ra 11.1

Rec.
43 - 1066.9 Loss

to Unacc. L
-1 ! becoming sand' w/occ. 1052.2 Depth 49.C

:44 - h. caic. inc. 1058.5 T. Dep. 46.3
1057.51 D- .. W.R. Good

.45 SANDSTONE - f.o; it. Qr. ;
m.h.

!46
mech. bkn. 46.2

filled drill hole

1054.3

48 CLAYSTONE - m.s.; g. to r.;

0.1 ft. lost core
-- between 4-.9 & 48.3

becoming less silty
w occ. slk. below u -

5 - 48.3: 1053.
Start 1-4,

End 1311
Box 3 Time 25 min.

1 -Drl. 2- min.

49.8 Rah . c.C
to Rec. :6

52- 64.9 Loss "1,

-- Unacc. S
1052.2 Depth 59.:

53 to T. Det. 58.9
IC37.1 .W. R. Good

- r .-or.•
54 crumblv 53.- to 55.5

- 1048.5 to 1046.5

55

56 becoming silty @ 1046.C

'57

- h. oalc. nc. & r. to

58 g- r. mot.
1045.0 to 1043.7

1043.1

-- SILTSTONE - r. to gr.; m.s. -ul

- to m.h.: cl.

60 - Start 132C
End 1343"
Time min.

61 - Dr. -mech. bkn. @ 61.1 Ran i$.-
Rec. E.8

6 - Loss
Unacc.
Depth 69.

163 - T. Dep. -..W.R. Good - rav

2 diagona7 fractures End of shift

64 -1038.5 tc 1037.9

EN FORM 1836-A o o
M, ' Stonewall Jackson Dam, GC-8



DRILLING LOG (Cont Shee.t) r !" 00 ,o1e No. C-

Stonewall .4ckson Dam H.E .. 4 s
Ci.S1IPICATION O MA?!BIAS 5, CORE ISO ORl REAJkC

ELEVATION DEfPy LEGEND A I ,,O Of NCO C S M L 'E.ARKI

1236.1 i -

6r 6 --_ SANDSTONE - .;. M.h. it. Bcox 4
gr.; ver. fract. sta. tc

- 69.4; sta. hor. pa. 64.9

~tO
2 ft. core loss 79.9

1034.1 =n accum. throughout run.

68-
- SILTSTONE- m. g. m.h. tc 1037.1

m. s. ; w/occ. h. Inc.; ci. to
-- to 68.5 elev. 1133.5 1C22.1

Pull - 7

Start 1440

End 1524
Time 44 min.

-i ,__ Dr1. 44 mir.

dk. gr.; cl. 
R a. 10.0

103C.9 tc 1030.: Rec. 1.8
Loss
Unacc.

oxn. sta. 1132., to Deot.
". e . -

W. R. ooc

slk. w'sm. is. noc.
below 1023.

90-C - 9 tar 1600-
8 sli. cl. 1022.0 to 102116

End 162Z
- becoming narder @ 1021.c Box 5 Time _--min.

81 Crl. :- min.
9.9 an c.c
to Rec. 9.9

82 -Z9,.5 LOSS -.

8 SANDSTONE - m.h. to h.; it. 12 aeh .
10Z01Dpt98.

83 -- gr. ; f. to m.g. ; Incr. q. o .De 8 9-
-- size toward bottom of unit to09. Dep.. 88od9

-- mech. bkn. 83.7

84-84 1018.3

85-

86-

88--

ENGP FRM 1836-A
.tonewall Jackson Dan



DRILLNG LOG (Cant Sk..t)' "A lo i>. .oou

fmOStonewall Jackson. Dar, .1.w. 4 .r

ELEV'ATION DfP '- LEGEND lsIL)OO AER~sca E i o 4ON

IdSt: Ic - 9

m.1 s. -1 14

-4 -- DrI1.

Re c

1Loss
MeCn-. D.K. 91. Unacc. .

-. 1..1.8Dep. K:.

- 9 Dep. 9.

~.I ft. lost core
accum. througnout rtc-. Bottor. of hcie

9:.5 Elev. 10'9.5

C14

ENG .FORm 1836-A ~I -c
P ~~'*' .tonewall JaCkSor. Dasi 1-



SUBSURFACE EXPLORATION

PRESSURE TEST DATA

BORING SIZE ELEVATION TOP OF HOLE ELEVATION TOP OF ROCK STATIC *AER LEVEL

3 IN. (NX) 1102.0 1082.0 N/A

PUMP CAPACITY METER TYPE METER SERIAL NUMBER

22.9 G.P.M. BUFFALO METER COMPANY 6547826

_ _,_ _ _FIELD TEST DATA
TFTT FTlnN IMF QF TF T METER READING TOTAL

GAUGE WATER C. . M.
TOP BOTTOM READING INTERVAL START OF END OF '

DEPTH DEPTH (P.S.Z.) START END TEST TEST C.. Fr.)

Single Packer

60.0 92.5 0923 0928 5 min. 896.50 896.50 0.00 0.00

Double Packer

60.0 54.7 5 1000 1005 5 min. 896.98 896.98 0.00 0.00

:;:5. - 49.7 1 1008 1013 5 min. 897.04 897.04 0.00 :.0C

50.-- 44.- 5 1015 1020 5 mn. 897.13 897.13 0.00 0.Dc

45.0 39.7 5 1023 1028 5 min. 897.20 897.20 0.00 -.0c

40.0 34.7 I 5 1031 1036 5 min. 897.50 898.02 0.52 0.20

35.0 29.7 5 1040 1045 5 min. 898.25 898.92 0.67 0.13

30.0 24.7 5 1048 1053 5 min. 899.25 899.96 0.71 0.14

RO jE CT - . N". iSPEZTOR DAL

STONEWALL JACKS.ON DAM GC-, DAVIb NU2EN 6-2-2

ORH rOR ' 2 1 42
I DEC 68



SUBSURFACE EXPLORATION
PRESSURE TEST DATA

BORING SIZE ELEVATION TOP OF HOLE ELEVATION TOP OF ROCK STATIC WA
T
ER LEVEL

3 IN. (NX) 1102.0 1082.0 1 N/A

PUMP CAPACITY METER TYPE METER SERIAL NUMBER

22.9 G.P.M. BUFFALO METER COMPANY 6547826

FIELD TEST DATA
rGAUGE TrJ G___IMF __ TFM METER EAOIN, TOTAL

TOP *OTTom READING INTERVAL WATER C. F. M.DETPx TO EDN START OF END OF
DET TH (P.S.Z.) START ENO (Min.-See.) TEST TES1 Cu. Ft.)

Single Packer

60.0 92.5 5 0923 0928 5 min. 896.50 896.50 0.00 0.00

Double Packer

60.0 54.7 5 1000 1005 5 min. 896.98 896.98 0.00 0.00

55.2 49.7 5 1008 1013 5 min. 897.04 897.04 0.00 0.00

50.- 44. 5 1015 1020 5 min. 897.13 897.13 0.00 0.00

45.0 39.7 5 1023 1028 5 min. 897.20 897.20 0.00 0.00

40.0 34.7 5 1031 1036 5 min. 897.50 898.02 0.52 0.10

35.0 29.7 5 1040 1045 5 min. 898.25 898.92 0.67 0.13

30.0 24.7 5 1048 1053 5 min. 899.25 899.96 0.71 0.14

RcJECT ~BO,!N- NC INSPECTOR DATE

STONEWALL JACKSON DAM GC-8 DAVID NUGEN 6-2-86

ORHI D CC 68 2142 (uLD P . ,,I o. .




